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INTRODUCTION 


vivo effect thyroxine the metabolic rate whole animals, 

the oxygen consumption isolated tissues and the activity 
various enzyme systems has been reviewed Barker (1951). The mecha- 
nism thyroxine action has been studied most generally chronically 
thyroxinized animals. Barker, Kiely and Lipner (1949) have indicated the 
time lag between the administration thyroxine and the first measurable 
increase the oxygen consumption the whole animal. Barker and Klit- 
gaard (1952) have demonstrated the unequal response the tissues rats 
thyroxine. The earliest response elicited occurred hours following 
single injection thyroxine, and liver slices responded hours. 
understanding the mechanism thyroxine action involves the elucida- 
tion the cellular processes responding thyroxine prior the changes 
which have been recorded. 

This study concerned with the time response the liver succinoxidase 
system thyroidectomized rats thyroxine. analysis the succin- 
oxidase system cell granules was performed simultaneously with the 
study this enzyme system rat whole liver homogenates. 


METHODS 


Male rats the Sprague-Dawley strain, weighing 300-350 grams, were used all 
the experiments included this study. These animals were maintained 5-hour 
feeding regimen (Barker, 1949) and were usually post-absorptive sacrifice. The ani- 
mals were exsanguinated under ether anesthesia withdrawing ml. blood 
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from the abdominal aorta into oxalated syringe. The liver was then perfused through 
the portal vein with 100 ml. cold Krebs-Ringer solution. blotted, weighed portion 
liver was minced with scissors and homogenized with volumes 0.25 sucrose solu- 
tion all glass homogenizer (Potter and Elvehjem, 1936). The homogenate was centri- 
fuged for minutes 600X gravity and the supernatant decanted into graduated 
cylinder. The residue was rehomogenized volumes the sucrose solution and then 
added the supernatant the cylinder. The final dilution was such that 1.0 gram 
liver was contained ml. homogenate suspension. 

The fractionation procedure employed was essentially that described Schneider 
and Hogeboom (1950).? The entire procedure, from the time the liver was excised until 
the enzyme assay was performed, was carried out temperature 

The succinoxidase activity rat liver homogenates was studied groups rats: 
normal controls, thyroidectomized controls and groups thyroidectomized rats given 
6.12 mg./kg. thyroxine (in 0.02 NaOH, 0.9 per cent NaCl solution) 12, 24, and 
hours previous sacrifice. The method employed for the assay succinoxidase 
that described Potter (1949) with the following modifications: (1) was found 
unnecessary perform this assay enzyme concentrations and (2) determinations 
endogenous oxygen consumption were omitted. series preliminary experiments 
indicated difference metabolism calculated from the enzyme concentrations 
and endogeneous oxygen consumption. The metabolic activity expressed 
oxygen consumed per mg. equivalent liver homogenate per hour. 


RESULTS 


summary the data indicating the effect thyroxine the suc- 
cinoxidase system rat liver homogenates and cell fractions presented 
Table This system the thyroidectomized rat liver homogenate 


TaBLE 1. THE MEAN SUCCINOXIDASE ACTIVITY OF RAT LIVER HOMOGENATES AND CELL FRAC- 
TIONS FOLLOWING A SINGLE INJECTION OF THYROXINE TO THYROIDECTOMIZED RATS 


Homogenate 20.6 24.1 28.8 
+1.85 +3.62 +1.82 +2.90 
Nuclear 4.2 4.5 3.9 4.9 3.2 
+1.59 +2.10 +2.10 +2.30 +0.42 
Mitochondrial 14.3 12.8 15.6 13.1 22.1 
+2.4 +0.98 +1.2 +0.6 +0.64 
Supernatant 2.0 1.8 2.9 2.5 2.4 
+0.70 +0.84 +0.74 +0.58 +0.56 
Sum Fractions 20.5 18.1 22.4 20.5 27.7 


The livers animals were used the fractionation study. 

The means represent wet weight liver 

injection thyroxine 6.12 level. 

=estimated standard deviation the individual observations from the mean. 


The fractions were prepared International Refrigerated Centrifuge, Model PR-I. 
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approximately less active than normal controls. Administration 
thyroxine resulted elevation this level activity, the 12-hour 
thyroxinized group showing increase approximately 7%, the 24-hour 
group approximately and the 96-hour group approximately 28%. 

The activity this enzyme system mitochondrial fractions varied 
with the thyroid status the animal manner similar that described 
for the whole homogenate. The nuclear and supernatant fractions possessed 
succinoxidase activities which, despite alterations thyroid status the 
animals, showed little change. 

should emphasized that the fractions were not pure preparations 
since the nuclear fraction was found, microscopic observation, 
contaminated with small quantities intact cells, connective tissue, 
cellular constituents (which were not characterized) and erythrocytes. 
The mitochondrial large granule fraction was contaminated some 
extent with small granules and occasionally with erythrocytes and nuclei. 
The final supernatant fraction consisted the microsomes small 
granules, and the soluble constituents the cell. 

Statistical analysis the data Table for the whole homogenate suc- 
cinoxidase activity presented Table The data for the fractions were 
also analyzed statistically. further information than that obtained 
from the whole homogenate analysis was discernible. This latter analysis 
has, therefore, not been included. 


TABLE 2. STATISTICAL ANALYSIS OF RAT LIVER HOMOGENATE SUCCINOXIDASE 


Mean 
ate/hr. 
Normal control 2.5 1.83 
vs. 2.15 4.69 
vs. III 1.09 
vs. III 3.36 
vs. 2.42 2.74 
vs. 7.08 0.00 


Abbreviations same Table 


From Table apparent that the difference activity the succin- 
oxidase system liver homogenates normal controls compared with 
thyroidectomized rats significant the level confidence. There 
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are significant differences between the activity the normal controls 
and that the 12-hour 24-hour thyroxinized animals. The difference 
activity between the normal controls and the 96-hour thyroxinized rats 
highly significant. 

The mitochondrial fractions contributed the following percentages 
the whole homogenate succinoxidase activities: normal, 63.4; thyroid- 
ectomized, 61.9; 12-hour thyroxinized thyroidectomized, 63.7; 24-hour 
thyroxinized thyroidectomized 57.2; 96-hour thyroxinized thyroidecto- 
mized 75.0. The mitochondrial fraction primarily responsible for the 
succinoxidase activity the cell, since the total recovered activity the 
fractions was 91.2, 92.6, 92.4, 89.3 and 94.4 per cent for these groups 
respectively. 


DISCUSSION 


The conditions for the assay the succinoxidase system require that 
the limiting enzyme the system: succinic dehydrogenase: cytochrome-c: 
cytochrome oxidase the succinic dehydrogenase. Tipton and Nixon 
(1946) have demonstrated that the cytochrome oxidase system liver 
homogenates prepared from normal, thyroidectomized thyroxinized 
rats present great excess over the succinoxidase system. Schneider, 
Claude and Hogeboom (1948) have indicated that cytochrome-c present 
excess the livers normal rats. However, Drabkin (1950) found that 
the content rat liver diminishes after thyroidectomy and 
increases hyperthyroidism. The addition exogenous 
the assay obviates the possibility this enzyme being present deficient 
quantities. The requirement for exogenous cytochrome-c the thy- 
roidectomized rat liver succinoxidase system appears diminish with time 
after 

Schneider and Hogeboom (1950) have found that the succinoxidase 
system primarily contained the mitochondrial fraction the rat 
liver. This localization unaltered modification thyroid status 
(Table 1). The succinoxidase activity present the nuclear and super- 
natant fractions probably indicates the difficulty achieving preparations 
uncontaminated mitochondria. 

The response the thyroidectomized rat liver succinoxidase system 
thyroxine may described triphasic response involving return 
the control level activity, plateau this level, followed further in- 
crease activity. The first phase the response may due reactiva- 
tion enzymes already present but inactive. The second and third phases 
are probably related. The plateau may represent the time required for 
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the synthesis additional enzyme. The further increase activity 
probably the increasing concentration enzymes. 


SUMMARY 


The activity the rat liver homogenates has 
been studied normal control and thyroidectomized rats and compared 
with that thyroidectomized rats 12, and hours following the ad- 
ministration thyroxine. 

Under all the conditions studied the succinoxidase system was pre- 
dominantly present the mitochondrial fraction. The latter was prepared 
differential centrifugation rat liver homogenates suspended iso- 
sucrose. 

The liver homogenate succinoxidase activity thyroidectomized rats 
returns control levels within hours following thyroxine administra- 
tion and remains this level for additional hours before any further 
increase activity occurs. The implications this finding are discussed. 
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THE INFLUENCE THE ADRENAL CORTEX 
AEROBIC GLYCOLYSIS NORMAL AND 
MALIGNANT RAT LYMPHOID 


SIDNEY ROBERTS ABRAHAM WHITE? 


From the Department Chemistry, School Medicine, University 
California Medical Center, Los Angeles, California 


regulatory influence the adrenal cortical secretions the 

structure and function normal lymphoid tissue has been demon- 
strated White and Dougherty White, 1947-48). addition, 
number studies have indicated that the growth lymphoid tumors 
may also under the control the adrenal cortex (Heilman and Kendall, 
1944; Murphy and Sturm, 1944; Sturm and Murphy, 1944; Law and Speirs, 
1947; Diller, Beck, and Blauch, 1948; Pearson, Eliel, and Rawson, 1950; 
Ingle and Nezamis, 1951; Emerson, 1951). 

These observations suggested that the metabolic behavior normal 
and malignant lymphoid tissue might influenced variations 
pituitary-adrenal cortical activity. Accordingly, investigations were 
undertaken the influence the adrenal cortex the respiratory and 
aerobic glycolytic activity normal and malignant rat lymphoid tissue, 
vitro. These metabolic processes normal lymphoid tissue were un- 
affected the adrenal cortical secretions. However, surviving lympho- 
sarcoma tissue from rats pre-treated with adrenal cortical hormones 
ACTH exhibited increased rate glucose utilization. was not 
accompanied change lactate accumulation total oxidative 
metabolism the tumor tissue result hormone treatment. 


METHODS 


The animals supplying normal and malignant lymphoid tissue for the vitro investi- 
gations were adult male Sprague-Dawley rats, weighing 250-300 gm. All animals were 
maintained Purina laboratory chow and drinking water libitum, with weekly 
supplement fresh lettuce. 

Bilateral adrenalectomy, where performed, was carried out via the dorsal approach 
days before autopsy. The animals were then given per cent drink in- 
stead tap water. Hormone-treated rats were injected intraperitoneally with ACTH 
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(Actarmour) ACE (Wilson’s aqueous adrenal cortical extract) hours before tissue 
sampling. The dose ACTH employed was equivalent mg. the Armour standard, 
LA-1-A, per 100 gm. body weight. Usually, ml. ACE was the dose used per rat. 

The tissues studied included normal spleen, thymus, and mesenteric lymph 
and transplantable lymphosarcoma maintained subcutaneous passage Sprague- 
Dawley rats. This tumor had originally been produced and carried Wistar 


WITHOUT GLUCOSE GLUCOSE 
SPLEEN 
THYMUS 
NODES 
TUMOR 


HOURS INCUBATION 


The influence the adrenal cortex the respiration normal rat lymphoid 
tissue and transplantable lymphosarcoma. Solid lines represent tissue obtained from 
control animals; dotted lines, adrenalectomized; dashed lines, hormone-injected. Each 


“Mesenteric lymph refers the mesenteric chain nodes dissected free 
fat and connective tissue prior mincing. 

are indebted Dr. Lloyd Law the National Institutes Health for supplying 
with this tumor. Histological confirmation the lymphomatous character the 
tumor Sprague-Dawley recipients was obtained through the generous assistance 


Dr. Lamson, Department Pathology, School Medicine, University Cali- 
fornia Los Angeles. 
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Surviving tissues were obtained from animals which had been exsanguinated from 
the abdominal aorta while under light nembutal anesthesia. These tissues were rapidly 
removed, chilled, and minced free-hand with single-edge razor blade. Approximately 
100 mg. tissue were incubated ml. incubation medium 38° Respiration 
studies were carried out Krebs-Ringer-phosphate buffer Warburg flasks which 
had been gassed with 100 per cent oxygen. some instances glucose was added the 
medium (0.15%), and glucose utilization measurements were made. number meta- 
bolic studies were conducted rat serum with constant stream 95% oxygen, 
carbon dioxide passing through the flask. The serum was obtained about one 
hour before incubation from rats similar those supplying normal tissue. The glucose 
content this was approximately 130 160 mg. per 100 ml. 
After varying periods incubation, the flask contents were centrifuged high speed. 
Aliquots the supernatant were analyzed for carbohydrate the anthrone procedure 
after protein precipitation with trichloroacetic acid (Morris, 1948). Lactate was deter- 
mined the method Barker and Summerson (1941) and amino acid nitrogen the 
method Frame, Russell, and Wilhelmi (1943) acid filtrates the medium. 


RESULTS 


Respiration normal and malignant lymphoid tissue 


Comparison was made the respiration rates normal and malignant 
lymphoid tissue minces obtained from adrenalectomized, hormone- 
injected, and control rats. Samples spleen, thymus, and mesenteric 
lymph nodes were obtained from non-tumorous animals the same age, 
weight, and dietary history the rats supplying the lymphosarcoma 
tissue. The results obtained (Fig. are expressed terms oxygen 
consumed per mg. wet weight tissue during the two-hour incubation 
period. several instances, tissue water determinations were made. The 
Qo, values calculated the usual dry tissue weight sub- 
stantially agreement with the oxygen consumption values depicted. 

will noted that both normal and malignant lymphoid tissues ex- 
hibited similar rates respiration the absence glucose the medium. 
The addition glucose the medium (0.15%) appeared have 
significant effect the oxygen consumption normal lymphoid tissue, 
but depressed the respiration tumor minces. Hormone treatment 
(ACE ACTH) uniformly had effect the oxygen consumption 
normal malignant tissues. Adrenalectomy tended depress respiration 
only when glucose was present the medium. 


Glucose disappearance and lactate accumulation 


The aerobic disappearance glucose the presence surviving normal 
and malignant lymphoid tissue was studied phosphate buffer fortified 
with glucose (0.15%) under atmosphere 100% oxygen and also 
rat serum medium under atmosphere 95% oxygen, carbon di- 
oxide. The effect glucose utilization pretreatment the rats with 
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ACE ACTH, previous adrenalectomy, was also followed. 
The results obtained serum and buffer were similar. Figure and 
Table show the effect the adrenal cortical secretions aerobic glucose 


THYMUS 


GLUCOSE UTILIZATION 


(mg/gm wet wt. tissue) 


HOURS INCUBATION 


The influence the adrenal cortex the aerobic utilization glucose 
normal rat lymphoid tissue and transplantable lymphosarcoma. Incubations were 
conducted Krebs-Ringer-phosphate buffer medium. Solid lines represent control 
animals; dotted lines, adrenalectomized; dashed lines, hormone-injected. Each point 


TABLE 1. THE INFLUENCE OF THE ADRENAL CORTEX ON AEROBIC GLYCOLYSIS BY 
NORMAL RAT LYMPHOID TISSUE AND A TRANSPLANTABLE LYMPHOSARCOMA* 


Number Glucose Lactate 
Tissue Treatment utilization 
rats (as lactic acid) 


Control 
ACTH or ACE 


1.97+0. 


Adrx 


All incubations were carried out for hours rat serum medium 38° with 
constant stream per cent oxygen, per cent carbon dioxide passing through the flask. 


The figures shown are expressed mg. per hour per gm. wet wt. tissue (average 
standard error). 


utilization normal lymphoid tissues and lymphosarcoma tissue 
phosphate buffer and serum, respectively. Adrenalectomy, ACE and 
ACTH were without effect glucose utilization normal lymphoid 


SPLEEN 
Vi 
NODES TUMOR 
Mesenteric Lymph Nodes 0.80+0.11 
1.78+0.13 
Adrx 1.59+0.09 0.56+0.10 
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tissue. the other hand, adrenal cortical hormones stimulated the glu- 
cose utilization rate the tumor tissue under these conditions. The accu- 
mulation lactic acid during the incubation normal mesenteric lymph 
nodes and lymphosarcoma tissue serum indicated Table Lactate 
accumulation was considerably higher the tumor tissue incubates. The 
adrenal cortical secretions produced striking effect lactate accumu- 
lation either normal malignant lymphoid tissue incubates. 


DISCUSSION 

The profound histological changes which occur normal lymphoid 
structures result pituitary-adrenal cortical hyperactivity 
(Dougherty and White 1945) were not accompanied the present in- 
vestigations striking alterations the determined metabolic activities 
normal rat lymphoid tissues vitro. Previous adrenalectomy, true, 
tended depress lymphoid tissue metabolism. This depression, however, 
cannot certainly ascribed lack circulating adrenal cortical hor- 
mones view the absence accentuating effect hormone- 
treatment. 

Perhaps more interest were the observations made the influence 
the adrenal cortical secretions the aerobic metabolism malignant 
lymphoid tissue. The addition glucose tumor incubates significantly 
depressed the respiration this tissue, but had little effect the 
respiration normal lymphoid tissue metabolism. The obvious inference 
was that glucose supplementation the medium permitted the tumor 
obtain more its energy from glycolysis. This was borne out the ob- 
servation that lymphosarcoma tissue converted the major proportion 
added glucose lactate even under aerobic conditions. 

The dependence tumors all kinds glycolytic mechanisms for 
energy has long been recognized (cf. Warburg, 1930). the present 
studies, this dependence may well have been related the stimulating 
effect the adrenal cortical secretions the aerobic utilization glucose 
the tumor. Thus, the previous administration ACTH ACE was 
observed accelerate the disappearance glucose the presence 
surviving lymphosarcoma tissue. However, concomitant increase 
lactate accumulation oxygen consumption did not occur. seems likely, 
therefore, that the accentuated utilization carbohydrate resulting from 
hormone administration was accompanied the sparing endogenous 
substrate. 

The relationship the above observations the growth-arresting 
effect cortisone and ACTH lymphoid tumors present obscure. 
possible that increased requirement for carbohydrate under these 
conditions may the limiting factor responsible for tumor regression. 
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SUMMARY 


Adrenalectomy, ACTH, and adrenal cortical extract (ACE) were 
without striking effect the respiration aerobic glycolytic activity 
surviving normal rat lymphoid tissue, including spleen, thymus, and 
mesenteric lymph nodes. 

contrast, the aerobic utilization glucose lymphosarcoma tissue 
vitro was found significantly elevated previous treatment the 
animal supplying the tissue with ACTH ACE. This increase was not 
accompanied change lactate accumulation total oxidative 
metabolism. The possible relationship these findings the growth- 
arresting effect the adrenal cortical secretions lymphoid tumors 
discussed. 
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EFFECTS AMPHENONE “B” THYROID 
AND ADRENAL 


JOHN HOGNESS,? NORMAN LEE 
ROBERT WILLIAMS 


From the Department Medicine, University Washington School Medicine, 
Seattle, Washington 


MPHENONE (Allen and Corwin, 1951), substituted desoxy- 
benzoin, given orally subcutaneously, produces marked enlarge- 
ment rat thyroid and adrenal glands (Hertz, Allen and Tullner, 1950; 
Hertz, Tullner and Allen, 1951; Hogness, Williams and Lance, 1952). 
The thyroid enlargement associated with reduction concentration 
(Hogness, Williams and Lance, 1952) and lowered metabolic rate 
(Holtkamp, Heming and Sax, 1952). The thyromegalic effects are not 
found hypophysectomized rats (Hertz, Allen and Tullner, 1950) 
those given supplementary thyroid extract (Hertz, Tullner and Allen, 
1951). The adrenomegaly produced Amphenone associated 
with increase cholesterol concentration (Hogness al., 1952) without 
evidence decreased adrenal function (Hertz al., 1951; Hogness al., 
1952; Heming al., 1952). the case the thyroid, adrenal enlarge- 
ment not found hypophysectomized animals (Hertz al., 1950) 

those given cortisone (Hertz al., 1951). 

the course previous studies with this compound certain_questions 
arose. marked reduction radioiodine concentration the thyroid 
occurred following the injection Amphenone Although this proba- 
bly represented inhibition uptake, the possibility increased 
rate release iodine from the gland existed. the case the adrenal, 
most evidence indicated normal function following Amphenone ad- 
ministration. However, the possibility partial block steroid output 
remained (Hertz, Tullner and Allen, 1951). Because possible clinical 
uses compound with such marked effects upon both thyroid and ad- 
renal function, seemed important investigate these problems, and 
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was with this purpose mind that the following experiments were de- 


signed. 
METHODS 


Sprague-Dawley rats were used all experiments; age, weight and sex varied with 
the experiment but were the same within any given group and its controls. The animals 
were fed Purina laboratory chow and were kept constant temperature 78° 
Amphenone was administered subcutaneous injection, unless otherwise noted. 

Thyroid: order determine more definitely whether Amphenone exerted 
inhibitory secretory effect, the following experiments were conducted. First, 
thyroid glands were removed from series male rats weighing approximately 200 
grams and placed Krebs-Ringer solution, 7.4, containing Amphenone 
molar concentrations ranging from through The thyroids from four animals 
were used each concentration. Immediately upon introduction the glands into the 
solutions, was added each flask. The flasks were incubated Dubnoff 
shaker 37° for one hour, whereupon the glands were removed, washed, placed 
NaOH, homogenized, and radioactivity assayed means Geiger-Mueller counting 
system. Results were expressed the per cent uptake exhibited the control 
glands. For purposes comparison identical experiment was carried out, substituting 
propylthiouracil for Amphenone 

second experiment four 100 gm. male rats were given mg. Amphenone 
“B” 0.5 ml. normal saline, intravenously. After one hour, these rats and four con- 
trols were given saline subcutaneously. Four hours later the rats were 
sacrificed and radioactivity each lobe the thyroid determined. Results were ex- 
pressed per cent injected per mg. thyroid tissue. 

The following experiment was designed determine whether Amphenone 
caused evacuation radioiodine from the thyroid. Fifteen male rats weighing 200 
250 gm. were given ue. subcutaneously. Five hours later the animals were 
sacrificed, the thyroid glands removed and the two lobes separated. One lobe from each 
animal was incubated Krebs-Ringer solution containing Amphenone 
while the other lobe was incubated Krebs-Ringer solution containing propyl- 
thiouracil; all flasks contained 0.001% order block reincorporation. After 
incubation for minutes Dubnoff shaker, the glands were placed NaOH, 
homogenized and radioactivity assayed. 

Another experiment similar the above was conducted; however, this case one 
half the lobes were incubated Krebs-Ringer solution containing and propyl- 
thiouracil and the other half were incubated Krebs-Ringer solution containing 
alone, control. 

Adrenal: establish more conclusively (a) whether Amphenone 
adrenomegaly associated with adrenal blockade normal increased output 
adrenal steroids and (b) whether Amphenone “B” exerts immediate effect the 
adrenal, similar ACTH, the following two experiments were devised. 

Eighteen gm. female rats were given Amphenone twice daily for four and one- 
half days. The dosage was mg./100 gm. body weight and the drug was administered 
subcutaneously 0.5 ml. physiological saline, 4.0. Twelve hours before sacrifice 
were given the last injection Amphenone and food was withdrawn. 
Four hours before death six the animals were given subcutaneous injection 
six were placed the cold (for hours) and six served controls. the 
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time sacrifice the animals were anesthetized with nembutal, blood was drawn from 
the aorta and the adrenals were removed, one placed 30% KOH and one tri- 
chloracetic acid. piece liver was obtained and the thymus was removed. The follow- 
ing determinations were made: adrenal weight, adrenal cholesterol (Foldes and Wilson, 
1950), adrenal ascorbic acid (Roe and Kuether, 1943), absolute eosinophile count (Hills, 
Forsham and Finch, 1948), liver glycogen (Good, Kramer and Somogyi, 1933) and thy- 
mus weight. experiment identical with the above except for the substitution normal 
saline (pH 4.0) for the Amphenone “B” solution, was run concurrently, using rats 
the same size and sex. 

second, acute, experiment seven 200 gm. female rats under fasting conditions 
were given mg. Amphenone saline intraperitoneally. The rats were sacrificed 
after four hours and the same determinations mentioned the first experiment were 
performed. The same procedures were carried out seven comparable rats receiving 
saline instead Amphenone “B” and additional seven subjected injections. 


RESULTS 


Thyroid: The experiments concerning the thyroid were designed 
establish more securely whether the thyroid enlargement produced 
Amphenone “B” associated with blocking action the case with 
thiouracil, whether actual increase the secretion thyroid 
hormone occurs. 

The results the first experiment are presented graphically Figure 
Rat thyroid glands were incubated vitro Krebs-Ringer solution 


INHIBITION THYROID UPTAKE AMPHENONE AND PROPYLTHIOURACIL 


a> 
o 


MOLAR 


containing radioiodine and increasing concentrations Amphenone 
one case, and propylthiouracil the other. Amphenone inhibits 
uptake the thyroid vitro, the per cent inhibition being quite 
significant concentrations low molar. Furthermore, the con- 
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centrations which inhibition produced well the degree inhibi- 
tion are comparable those obtained with propylthiouracil. deter- 
minations were carried out glands subjected the conditions this 
experiment and were found normal all instances. 

The above observations were confirmed when Amphenone was 
given vivo and the glands then incubated Krebs-Ringer solution con- 
taining The results this study are given Table Four animals 
were used both Amphenone and control groups. The two lobes 
the thyroid were treated separately each case and are designated and 
The mean value for the control group was almost twice that the 
Amphenone “B” treated group, indicating marked inhibition radio- 
iodine uptake the isolated gland after administration Amphenone 
“B” the intact animal. 


Amphenone Control 
thyroid thyroid 


919 


(+0.048) 1.201 


Mean (and standard error) 


complete the study the blocking action Amphenone vivo, 
one single injection the substance was given intravenously and radio- 
iodine injected subcutaneously one hour later. The results are shown 
Figure Each bar the graph represents the uptake one thyroid 
lobe and lobes from each gland are grouped together. The thyroids the 
animals receiving one single intravenous dose Amphenone accu- 
mulated less than one-tenth the amount taken the controls. 

From the results the previous three experiments there seemed little 
doubt that Ampheonone has marked inhibitory effect the accu- 
mulation the thyroid. Although did not seem likely, the possi- 
bility existed that the drug also possessed stimulatory properties, causing 
increase excretion radioiodine from the gland. The results the 
experiment designed show whether not this was the case are given 
Figure Each bar represents the mean the group. this experiment, 
was introduced into the thyroid glands vivo and the glands were 
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then incubated with Amphenone propylthiouracil vitro. These 
was significant difference content between the propylthiouracil 
and Amphenone treated glands and similarly, there was difference 


THYROID 


0.6 


DOSE THYROID 


AMPHENONE 


between the propylthiouracil group and the controls. This indicated that 
neither Amphenone nor propylthiouracil cause increase the 
evacuation from the thyroid. 

COMPARATIVE EFFECTS AMPHENONE AND PROPYLTHIOURACIL 
RELEASE FROM THYROID 


DOSE THYROID 


PROPYLTHIOURACIL 


AMPHENONE 


CONTROL 


0.08 
0.06 
002 
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Adrenal: experiment was designed show whether Amphenone 
adrenomegaly was associated with adrenal blockade with 
normal increased secretion adrenal steroids. Rats were given 
Amphenone “B” over four and one-half day period and then subjected 
ACTH injection cold (5° C.). Assays the adrenal glands and 
adrenal function were carried out under the conditions described. The 
results this study are given Figures and 

The increase adrenal size reported previous studies was confirmed. 
The mean adrenal weight the Amphenone treated animals was 
mg./100 grams body weight whereas the mean for the saline controls 
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+ACTH COLD +ACTH COLD 


CHOLESTEROL 


>_> 


S 
o 


ACTH COLD +ACTH 


EFFECT AMPHENONE 
354 


384 HOGNESS, LEE AND WILLIAMS Volume 


was mg./100 gm. body weight. This difference significant <0.01). 
Neither ACTH nor exposure cold altered the adrenal weight. 

The center graph Figure represents the adrenal ascorbic acid con- 
tent. Whereas there appears some increase ascorbic acid concen- 
tration the Amphenone treated animals compared with the con- 
trols (mean values 0.446 and 0.400 mg./100 mg. adrenal respectively) 
this difference not statistically significant. However, within each group 
the differences adrenal ascorbic acid concentration following ACTH 
cold stimulation were highly significant. Injection ACTH into 
Amphenone treated rats resulted fall adrenal ascorbic acid 
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from mean 0.446 mg./100 mg. adrenal 0.356 mg. <0.001) 
and subjection cold for four hours produced more marked decrease 
mean 0.277 mg./100 mg. adrenal. the saline controls, under con- 
ditions both ACTH and cold stimulation, the ascorbic acid concentra- 
tion fell from mean 0.400 0.344 and 0.345 respectively <0.03). 
These observations are interest that Amphenone treated 
animals, ACTH cold stimulation produced greater adrenal response 
than was seen the saline controls. would also appear that four hours 
the cold was greater stimulus than subcutaneous administration 
ACTH. 

The adrenal cholesterol concentration seen the lower graph Figure 
paralleled the observations ascorbic acid. more than two fold in- 
crease cholesterol concentration was observed the Amphenone 
treated animals, confirming previous observations. However, despite this 
increase, cold stimulus for example, produced marked fall cholesterol 
concentration from mean 6.86 mg./100 mg. adrenal mean 
5.02 mg. <0.01). may seen from the graph, this response was 
greater magnitude than that seen the controls. was the case with the 
ascorbic acid determinations, cold appeared produce greater stimulus 
than the injection one ACTH. 

Figure represents direct measurements adrenal properties. However, 
changes the adrenal itself but also increase production and secre- 
tion adrenal steroids. Such increased output might reflected 
changes (a) circulating eosinophiles (b) liver glycogen content and (c) 
thymic weight. Figure shows that such changes occur under the con- 
ditions this experiment. 

Following ACTH cold stimulation there was significant fall cir- 
culating eosinophiles both the Amphenone “B” treated animals and 
the controls. Again, this fall more pronounced with cold exposure, 
especially the case the Amphenone animals. Although the abso- 
lute eosinophile determinations seem somewhat higher the controls 
than the Amphenone animals (20.4 mm.’ compared with 15.2 
this difference not significance statistically. 

Although the fasting liver glycogen the same Amphenone 
treated animals and saline controls, highly significant increase liver 
glycogen occurred when the Amphenone animals were injected with 
unit ACTH subjected four hours the cold. rise from 0.54 
mg. glycogen per gram liver 1.22 and 1.31 mg. respectively, re- 
sulted <0.02). such rise the control group, indicating 
again that the Amphenone “B” stimulated gland capable even 
more marked response ACTH and cold than the controls. 
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The bottom graph Figure represents thymic weights Amphenone 
“B” and control groups. The mean thymus weight the control rats was 
425 mg./100 gm. body weight, whereas the mean the Amphenone 
treated rats was 351 mg. This difference significant <0.01). signif- 
icant differences were found within Amphenone and control groups, 
however. 

The results acute experiment, which one injection Ampehenone 
was given four hours before death, are shown Table differ- 
ences any significance were observed between the values obtained 


EFFECT SINGLE SUBCUTANEOUS INJECTION 
AMPHENONE ADRENALS 


Control Saline Amphenone 

Adrenal weight 30.2 29.4 30.5 
(mg./100 gm. body wt.) 

acid 0.37 0.42 0.31 
(mg./100 mg. adrenal) 

Cholesterol 2.15 2.04 1.87 
(mg./100 mg. adrenal) 

Thymus weight 161 154 169 
(mg./100 gm. body wt.) 

Eosinophiles 38.3 34.0 39.2 
(per 

Liver glycogen 3.3 3.1 2.3 


(mg./gm. liver) 


the animals given injections, those injected with those 
whom Amphenone was administered. This indidates that, with respect 
the adrenal, one injection Amphenone does not exert measur- 
able immediate effect. 


DISCUSSION 


has been shown that prolonged administration Amphenone 
results thyroid enlargement. The studies reported this paper show 
than Amphenone low concentration, inhibits the incorporation 
radioactive iodine into the thyroid both vitro and vivo. molar 
basis Amphenone was shown effective thyroid blocking 
agent Whereas both agents produced marked in- 
hibition thyroid uptake, neither produced any change the rate 
release iodine. 

concluded that the increase thyroid size observed following Am- 
phenone administration occurs the same basis with propyl- 
thiouracil. presumably the result increase circulating TSH 
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brought about fall the blood thyroxine level, resulting from antag- 
onism its synthesis. This conclusion supported the observation 
Holtkamp, Heming and Sax (1952) lowered oxygen consumption 
following Amphenone administration. 

The observations the thyroid suggested that the adrenal enlargement 
and associated rise cholesterol concentration noted after prolonged 
Amphenone administration might also the result 
action. Contrary original expectations however, diminution 
adrenal function was observed. Evidence presented indicates that the 
adrenals the Amphenone treated animal are capable responding 
stimulation secreting even greater quantity steroids than those 
the controls. animals receiving Amphenone over four and one- 
half day period the administration ACTH exposure cold 
for four hours produced marked fall adrenal ascorbic acid and cho- 
lesterol concentrations. This was associated with pronounced rise liver 
glycogen and significant fall circulating eosinophiles. These changes 
were more marked the Amphenone “B” treated animals than the 
control group. Therefore, not only are the adrenals the Amphenone 
“B” treated animals capable responding stimulation but would 
seem reasonable conclude that they respond secreting greater 
quantity steroids than the controls. interest was the observation 
that, the Amphenone treated animal, exposure cold for four 
hours apparently evokes greater adrenal response than one 
ACTH administered subcutaneously. 

The conclusions reached above appear quite the opposite the 
situation observed the case the thyroid. Thiouracil has been shown 
produce effect the adrenal (Zarrow and Money, 1949) well 
the thyroid, but this instance the changes observed consisted 
true cortical atrophy. Hence, although Amphenone acts like thiouracil 
where the thyroid concerned, the action the adrenal very different 
from that thiouracil. 

previous experiment (Hogness, Williams and Lance, 1952) was 
shown that administration mg. Amphenone “B” four divided 
doses, over 24-hour period, produced change adrenal size, adrenal 
cholesterol concentration thymus size. Therefore Amphenone does 
not exert effect like short term administration ACTH, formaldehyde, 
other compounds that produce acute response. The reaction 
also unlike that observed after the administration such substances 
acid where increase adrenal size and cholesterol content has 
been noted but change steroid secretion was apparent (Carroll, 1951; 
Carroll and Noble, 1952). 
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Since Amphenone does not exert blocking effect the adrenal 
and since the increase adrenal size not produced hypophysectomized 
animals, our results can explained postulating that the compound 
stimulates the anterior pituitary hypothalamus directly and that the 
adrenomegaly the result increase trophic hormone brought about 
this stimulus. 

This interesting compound has three distinct sites action. produces 
progestational effects (Allen, Hertz and Tullner, 1950) presumably 
direct action the end organs, since these changes occur even hypo- 
physectomized animals (Hertz al., 1950). also acts directly the 
thyroid inhibiting iodine uptake and hence suppressing thyroid func- 
tion, and finally, the compound apparently has direct stimulatory ac- 
tion the pituitary, producing adrenomegaly this manner. 


SUMMARY 


Amphenone was shown inhibit the incorporation into 
thyroid protein both vivo and vitro. This effect was present when molar 
concentrations the inhibitor were low and the compound 
was shown equally potent anti-thyroid substance vitro 
propylthiouracil. Neither Amphenone nor propylthiouracil was shown 
have any effect the rate release radioiodine from the rat thyroid. 

Prolonged administration Amphenone “B” rats produced 
adrenomegaly which was associated with increases adrenal ascorbic 
acid and cholesterol concentrations. Determinations liver glycogen, 
circulating eosinophiles and thymus weight indicated that the enlarged 
adrenals were capable responding ACTH cold stimulus secreting 
increased quantity steroids. The response Amphenone 
treated animals was even greater than that the controls. 

concluded that Amphenone has direct antithyroid 
action but that the effect the adrenal stimulatory nature. 
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THE PROTEIN ANABOLIC EFFECT TESTOSTERONE 
PROPIONATE AND ITS RELATIONSHIP INSULIN 


OTAKAR SIREK CHARLES BEST 


Banting and Best Department Medical Research, University Toronto, 
Toronto, Canada 


INCE Kochakian and Murlin (1935, 1936, 1937) performed their 

fundamental experiments castrate dogs has been well established 
that administration androgenic substances causes fall the non- 
protein nitrogen level (NPN) blood and the same time lowers the 
nitrogen excretion the urine. well known also that insulin has 
very similar effect when injected into the diabetic organism (Falken- 
hausen, 1925, Chaikoff and Forker, 1950)—in other words, insulin and 
the male sex hormone may, under certain circumstances, exert similar 
protein anabolic effect. The interrelationship between testosterone pro- 
pionate and insulin has therefore been investigated and first step the 
behavior the NPN and blood sugar levels normal and depancreatized 
dogs receiving testosterone has been studied. 


EXPERIMENT 


This study was carried out eight well trained female dogs weight 
between 20-25 Kg. Three them were surgically depancreatized and 
standard diet was fed twice day. Regular (Toronto) insulin was used and 
administered subcutaneously twice day order keep the urine 
the animals sugar-free. Studies were made normal dogs, totally 
depancreatized dogs after withdrawal insulin and depancreatized 
dogs receiving various doses insulin. Each experiment was carried out 
twice the same dog, once without testosterone and again after injection 
testosterone. 

The injections the male sex hormone (we are grateful the Ciba 
Company for supplies Perandren) were given the following way: the 
first morning mg. testosterone propionate dissolved Sesame oil 
were given intramuscularly, the second day mg. the morning and 
mg. the afternoon. The third day the actual experiment was carried out 
when 4-7 blood samples were drawn from the animal which was fasting 
for hours before start the experiment. dog treated with testosterone 
was used again only after interval least weeks when was 
assumed that all injected testosterone had disappeared from the body. 
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Blood sugar was determined according Miller and Van Slyke (1936) 
and for NPN determinations whole blood Folin and Wu’s (Bostrém, 
1944) colorimetric method was applied. The precipitation blood proteins 
was carried out according special modification described Folin 
(1930). this not very common form protein precipitation blood cells 
are minimally damaged and haemolysis prevented. Using this modified 
precipitation method the results are around mg.% lower than figures 
obtained the original method Folin and and even small varia- 
tions the NPN level can detected. 


RESULTS 


The dose 125 testosterone propionate injected into normal 
dog under the standardized conditions our experiments proved 
highly effective demonstrated Figure similar depression the 
NPN level blood was obtained also the other four intact animals. 
contrast normal dogs, the same dose testosterone injected into our 
totally depancreatized dogs did not exert any effect the NPN level 
when the exogenous supply insulin was withheld for hours before the 
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Perandren Ciba 
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of 


BBPORE TESTOSTERONE PROPIONATE 
AFTER 125 MG TESTOSTERONE I.m. 


8 10 12 2 4 6 
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The normal female dog responds testosterone remarkable lowering 
the non-protein nitrogen level blood. 


start experiment. Figures and are good illustrations the negative 
response diabetic dogs when only traces insulin were present the 
body. When under the same conditions arbitrarily chosen dose in- 
sulin was injected into such diabetic dog remarkable lowering the 
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NPN occurred, shown Figure and further depression the 
NPN level could obtained when the same dose insulin and testoster- 
one were acting together the same time. The same observation was 
made after injections even smaller amounts insulin, such 


DEPANCREATIZED DOG DS 2 


Female, treated with 
Perandren Ciba. 

No insulin 24 hours 
before experiment. 


&----6 EBFORE TESTOSTERONE PROPIONATE 
o——o AFTER 125 MG TESTOSTERONE I.M. 


12 
TIME IN HOURS 


2a. The depancreatized dog kept for hours without exogenous insulin ex- 
hibits change the non-protein nitrogen level after testosterone treatment. Dog 
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units. The fall the NPN, however, could expected priori, after 
smaller doses insulin was not dramatic shown Figure but tes- 


tosterone never influenced the NPN level either direction these de- 
pancreatized dogs. 


DEPANCREATIZED DOG DS 2 


Female, treated with 
Perandren Ciba 


BEFORE TESTOSTERONE PROPIONATE 
o———© AFTER 125 MG TESTOSTERONE I.M. 


20 I.U. INSULIN S.C. 


12 
TIME IN HOURS 


The diabetic dog responds insulin prompt lowering the non-protein 


nitrogen level. Testosterone neither supplements nor counteracts the NPN-lowering 
effect insulin. 


Doc DS 4 


BLOOD 


Female, treated with 
Perandren Ciba 


BEFORE TESTOSTERONE PROPIONATE 
o———o AFTER 125 MG TESTOSTERONE I.M. 


12 
TIME IN HOURS 


standard dose 125 mg. testosterone propionate does not affect the 
blood sugar level the normal female dog. 
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The blood sugar level seemed entirely unaffected testosterone 
treatment under the conditions this experiment. shown Figure 
testosterone was unable influence the blood sugar level the normal 
female dog. the depancreatized animal without insulin supply, test- 
osterone did not change the blood sugar level any direction and the 
case where insulin was injected, testosterone neither supplemented nor 
counteracted the blood sugar lowering effect any the doses insulin 
administered our diabetic dogs. 


DISCUSSION 


The behavior the NPN level under the influence the male sex 
hormone testosterone propionate the normal and diabetic dog indicates 
very strongly that the protein anabolic effect the male sex hormone 
intimately associated with the presence insulin the body. The fact 
that testosterone failed exhibit any influence upon the blood sugar 
the normal dog does not oppose the evidence indicating that certain 
physiological amounts insulin must available the body testos- 
terone exhibit any protein anabolic function. There not, however, 
any indication from these experiments that testosterone propionate causes 
detectable increase the amount insulin liberated from the pancreas. 
Little yet known about the mechanism which testosterone pro- 
duces the protein anabolic effect for which the presence insulin appears 
necessary. 
SUMMARY AND CONCLUSION 

The present paper describes study the effect the male sex hormone 
testosterone propionate the level NPN and glucose normal 
and totally depancreatized dogs. 

the normal dog following testosterone treatment significant lowering 
the NPN level occurs, while the blood sugar level remains unchanged. 
the depancreatized dog after withdrawal exogenous insulin for 
hours, testosterone has effect upon the blood sugar NPN. When 
insulin administered such diabetic dog lowering both NPN and 
blood sugar occurs, but further depression can obtained when both 
insulin and testosterone are acting together. 

therefore concluded that the protein anabolic function the male 
sex hormone intimately associated with the presence insulin the 
body but only beginning has been made understanding this relation- 
ship. 
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CONJOINT EFFECTS PYRIDOXINE DEFICIENCY 
AND ANTERIOR PITUITARY GROWTH HORMONE 
ADMINISTRATION THE RAT 


School Hygiene, University Toronto, Toronto, Canada 


HAS been shown enzymatic studies (Cammarata and Cohen, 
1950; Armstrong, Feldott and Lardy, 1950) and investigations with in- 
tact rats (Sheppard and McHenry, 1946; Hawkins, MacFarland and Mc- 
Henry 1946; Beaton, Ballantyne, Lau, Steckley and McHenry, 1950) that 
vitamin affects nitrogen metabolism. Anterior pituitary growth hor- 
mone has been stated promote nitrogen retention (Li and Evans, 1947; 
Russell, 1951). order determine whether the hormone would exert 
its anabolic influence rats rendered deficient dietary restriction 
vitamin and the administration the vitamin antagonist, desoxy- 
pyridoxine, three studies differing somewhat experimental detail were 
performed. 


EXPERIMENTAL 


all experiments, albino rats the Wistar strain were housed 
individual screen-bottomed cages and fed either fat-free, 15% casein 
diet 20% corn oil, 20% casein diet noted. Except for sucrose, the 
other ingredients per cent weight were common both regimens: 
salts mixture (Steenbock and Nelson, 1923) vitaminized casein (the 
protein content included the total casein), agar choline 0.2, inositol 
0.2 and cod liver oil concentrate .015 (supplying approximately 
vitamin and vitamin per rat per day). Sucrose made the 
remainder the diet each case. The vitaminized casein was mixture 
of: 100 mg. thiamine chloride, 100 mg. riboflavin, 400 mg. calcium panto- 
thenate, 400 mg. nicotinic acid, 400 mg. p-aminobenzoic acid, mg. 
biotin, mg. folic acid and 800 gm. casein. All animals were given daily 
supplements 100 desoxypyridoxine per rat per day the diet; 
control animals were also provided with pyridoxine hydrochloride 
per rat per day the diet. The rats receiving anterior pituitary growth 
were injected with mg. saline per rat per day 
single dose. Injections saline the same volume were given the 
remaining rats. 

Alanine-load tests were carried out with both vitamin and 
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pyridoxine-supplemented groups injecting, intraperitoneally, 15.2% 
DL-alanine water quantity provide 0.5 mg. nitrogen per gm. body 
weight based the average body weight per group. One group animals 
each treatment was sacrificed set intervals time following the 
amino-acid administration. Zero hour groups received cc. 0.9% saline 
per rat the intraperitoneal route and were sacrificed immediately. Sub- 
sequent anesthetization with nembutal, blood was removed from the 
exposed heart, heparinized, and pooled for each group. The following 
analyses were done the pooled samples: urea (Archibald, 1945), amino 
nitrogen (Frame, Russel and Wilhelmi, 1943), plasma free glutamic acid 
and glutamine (Prescott and Waelsch, 1947), sugar (Nelson, 1944), 
hemoglobin (Collier, 1947), and hematocrit value the standard method. 

studies involving nitrogen excretion two rats were maintained each 
metabolism cage for the last days the exeprimental periods. 
Excreta were collected 48-hour intervals, toluene being the urinary 
preservative employed, and analyzed for total nitrogen macro- 
Kjeldahl method. After the removal certain organs the remaining car- 
casses were frozen liquid air, passed through power grinder, and repre- 
sentative sample homogenized Waring Blendor. Aliquots were taken 
for determinations total nitrogen, moisture drying electric 
oven 105° for hours, and total crude fatty acids (Gavin and 
McHenry, 1940). Homogenized pooled livers were analyzed for water and 
protein and also for total vitamin content (Atkin, Schultz, 
and Frey, 1943). 

Experiment Anterior Pituitary Growth Hormone 
Pyridoxine-deficient and Pyridoxine-supplemented Adult Female Rats. 

Sixteen groups, each female rats with average initial body weight 
170 gm., were fed the fat-free, 15% casein diet for days before the 
growth hormone treatments were begun with groups, the other groups 
not receiving the hormone. Following days injections the animals were 
fasted for hours, doses alanine administered and the levels blood 

Experiment Anterior Pituitary Growth Hormone 
Pyridoxine-deficient and Pyridoxine-supplemented Rats Fed libitum. 

Groups rats each, both sexes, with average initial body weight 
100 gm. were fed the 20% corn oil, 20% casein diet. consequence 
some mortality those groups which were not used for studies nitrogen 
retention were rearranged into groups. After days diet growth hor- 
mone was injected for the next days. Alanine was administered after 


18-hour fast and blood metabolites were measured intervals 
and hours. 
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Experiment Anterior Pituitary Growth Hor- 
mone Pyridoxine-deficient and Pair-fed Control Rats. 

Four groups rats each with average initial body weight gm. 
received the same diet and treatments those experiment except 
that each control group was pair-fed with its correspoding deficient group. 
Also, alanine was given this experiment. The animals were diet 
days before the injections growth hormone were begun and days 
afterwards. 


RESULTS AND DISCUSSION 


During the periods that the rats were experimental diets the greatest 
differences the average body weight groups were observed experi- 
ment where the rats were smaller than the females used experiment 
and were fed libitum unlike those experiment III. the last ex- 


TaBLE 1. AVERAGE BODY WEIGHT OF EXPERIMENTAL ANIMALS 


Weight gains 

Exp. Group body weight 
gm. gm. 
197 
—Be 165 
207 
166 
179 
109 
189 
102 
141 
104 
140 
100 


indicates groups injected with growth hormone. 


periment the restriction food intake prevented the typical effect 
growth hormone body weight. This result would anticipated since 
increase weight can occur only when quantities nutrients excess 
maintenance requirements are available for storage. Lee and Schaffer 
(1934) reported that paired-feeding growth hormone treated rats and 
uninjected controls does not prevent increase body weight consequent 
hormone administration. should noted that the average food in- 
takes those animals (about gm. per day) were far excess the aver- 
age food intakes the animals experiment III gm. per day). The ad- 
ministration growth hormone all experiments increased the severity 
acrodynia, the dermatitis characteristic pyridoxine deficiency. 
From the blood analyses evident that the adult female rats, 
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growth hormone had effect the typical picture urea formation 
from alanine (Beaton al., 1950) other than depress the level blood 
urea following alanine administration both control and deficient groups. 
The levels the other blood metabolites indicated that the hormone ac- 


TABLE BLOOD ANALYSES 


Plasma 


Gluta- 
mic 
acid 


Gluta- 
mine 


Hemo- 


alanine 
globin 


load volume 
| 


13.5 


_ 


centuated the effects the vitamin deficiency. the studies with the 
younger rats, experiments and III, the fasting level blood urea was 
elevated pyridoxine deficiency was shown previously Beaton al. 
(1950). The effect growth hormone was apparently raise further 
the deficient and depress the control animals. Changes the levels 


Blood 

nitro- Urea Sugar 
9.5 
6.8 
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time exhibited. 


Analyses for moisture, protein and total crude fatty acids the body 
showed that administration growth hormone had significant effect 
the proportions water, protein, fat either control deficient 


Volume 


plasma glutamic acid and glutamine showed consistency conse- 
quence growth hormone administration. 

control animals growth hormone induced nitrogen retention the 
rats fed libitum but not those with restricted food intake. Such 
finding was accord with observations body weight. Although differ- 
ences nitrogen retention and body weight were not seen the pair-fed 
animals, growth hormone did affect the levels blood metabolites. the 
absence pyridoxine, the anabolic properties the hormone were 


rats. 
TABLE NITROGEN EXCRETION 
Food Food rinary +fecal 
gm./rat/day 


TABLE 4. LIVER AND CARCASS CONSTITUENTS FOR EXPERIMENT III 


Group 


—Bs 


protein 


! | | 
Liver Carcass 
crude 
water protein water fatty 
acids 
19.8 66.1 9.6 
78.1 19.1 72.0 2.9 
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From the assay total vitamin the liver seen that its content 
was lowered pyridoxine deficiency per se, and again growth hormone 
administration both control and deficient groups, another finding which 
suggests that the hormone aggravates the state the deficiency. 

pyridoxine deficiency the absolute and relative weight the thymus 
was greatly reduced. Administration growth hormone appeared fur- 
ther that effect. The weight the adrenal glands increased proportion 
the total body weight the animals lacking pyridoxine. Again this re- 
spect, growth hormone made the effect more pronounced. 


TABLE 5. LIVER TOTAL VITAMIN Bs CONTENTS AND ORGAN WEIGHTS 


Total 
weight weight weight 

tissue 


| 


7.8 0.46 0.31 

+Be 5.7 5.3 0.31 .014 
2.9 5.7 0.48 0.11 

4.7 5.7 0.69 0.24 .016 

—Bs+GH 3.0 5.8 0.36 0.07 


studies vitamin deficiencies the specificity effects always open 
question. most deficiency states there decrease food consump- 
tion which gives rise inanition. The use pair feeding makes possible 
comparison between two groups with one variable: presence absence 
particular vitamin. Observations made this basis have been reported 
and discussed above. should made clear, however, that the deficiency 
only one vitamin has been studied. This one was selected because the 
reported relation protein metabolism. deficiency another vitamin 
might have given similar results. Until further investigations are made 


will not possible state that the reported effects are specific for single 
vitamin. 


SUMMARY 


Experiments have been described which pyridoxine deficiency and 
anterior pituitary growth hormone administration were conjointly studied 


adult female rats and younger rats fed libitum and restricted 
food intake. 
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The only observed effects growth hormone the blood chemistry 
pyridoxine-deficient animals following test-load alanine were ap- 
parent adult female rats. 

Provided that the animals were receiving adequate amount 
food, growth hormone promoted increased body weight and nitrogen re- 
tention the control animals but not the deficient ones. 

The hormone aggravated the effects deficiency demonstrated 
the increased severity acrodynia, the further elevation the fasting 
level blood urea, the lowered content total vitamin the liver, 
the decreased weight the thymus, and the increased weight the ad- 
renal glands. These effects growth hormone administration organ 
weights and total vitamin content were also observed animals 
provided with pyridoxine. 
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THE EFFECT ASPIRIN UPON THE GLYCOSURIA 
PARTIALLY DEPANCREATIZED RATS THE 
PRESENCE AND ABSENCE THE 
ADRENAL GLANDS 


DWIGHT INGLE, DEXTER BEARY 
AND ANDREJS PURMALIS 


Research Laboratories, The Upjohn Company, Kalamazoo, Michigan 


and related compounds are capable activating the 
adrenal cortices via the anterior pituitary (Cronheim, King and Hyder, 
1952). Hailman (1952) has summarized the evidence that the therapeutic 
and biologic effects these compounds are mediated the increased 
secretory activity the adrenal cortices. 

have considered the possibility that aspirin can cause state hy- 
percorticalism the laboratory rat. this were true, would expected 
that aspirin would exacerbate the diabetes the partially depancreatized 
rat since corticotropin and the steroids the adrenal cor- 
tex are diabetogenic (Ingle, 1948). the contrary, large doses aspirin 
suppress the glycosuria and hyperglycemia diabetic patients and ani- 
mals (see Gross and Greenberg, 1948, for review). 


the present study shown that large doses aspirin ameliorate 
the diabetes partially depancreatized rats both the presence and ab- 
sence the adrenal glands. 


METHODS 


Infection-free male rats the Sprague-Dawley strain were partially depancreatized 
weight approximately 275 gms. the procedure described Ingle and Griffith 
(1942). The experiments were conducted air-conditioned laboratory with the tem- 
perature maintained 78° and the humidity approximately per cent 
saturation. After the animals had recovered from the operation and had reached 
weight approximately 300 gms., they were placed metabolism cages and were 
adapted the medium carbohydrate diet (Table stomach tube 
each morning and late afternoon. The technique and diet were modified from those 
described Reinecke, Ball and Samuels (1939). During the period adaptation 
force-feeding the amount diet was increased gradually prevent the development 
food shock. The animals were brought full feeding diet per day the 
6th day. Twenty-four-hour samples urine were collected the same hour each day 
and were preserved with toluene. Urine glucose was determined the ferricyanide 
electrode method Shaffer and Williams (1935). 
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Volume 


MEDIUM CARBOHYDRATE DIET 


Constituent grams 
Cellu flour (Chicago Dietetic Supply House) 
Osborne Mendel salt mixture 
Dried yeast (Pabst) 100 
Wheat germ oil 
Cod liver oil 
Vitamin 100 mg. 
Mazola oil 200 
Casein (Labco) 160 
Starch 200 
Dextrin 190 
Sucrose 200 


Water make total 2000 ce. 


After the level glycosuria had become stable, per cent the animals were 
adrenalectomized sterile technique. The amount adrenal cortical extract required 
restore the glycosuria its preadrenalectomy level divided doses per day) 
was established for each adrenalectomized rat and was then kept uniform throughout 
the remainder the experiment. The adrenal cortical extract (Upjohn) was prepared 
from mixed beef and hog glands and represents the activity equivalent 0.1 mg. 
hydrocortisone per 

Aspirin was ground into fine suspension peanut oil concentration 100 mg. 
per was administered subcutaneous injection immediately after the morning 
and late afternoon feedings. 


EXPERIMENTS AND RESULTS 


Following control periods several weeks, each rat was treated with 
mg. aspirin daily for days, mg. daily for days and 160 mg. 
daily for days. When the injections were stopped each animal was ob- 
served during second control period days. The experiments involved 
severely diabetic rats, which were moderately 
diabetic rats, which were adrenalectomized; and mildly diabetic 
rats, which were adrenalectomized. 

During the administration aspirin there was suppression the gly- 
cosuria each animal extent which was proportional the dose. 
When the injections aspirin were stopped, there was exacerbation 
the glycosuria levels much higher than the initial control values. The 
pattern and extent response was similar the adrenalectomized and 
non-adrenalectomized animals. The data are summarized Figure 


DISCUSSION 


The effect aspirin upon the rat occurs independently 
any change adrenal function. Smith (1952) has shown that sodium 
salicylate reduces the glycosuria steroid (cortisone) diabetes the rat 
and also suppresses the glycogenic activity cortisone. 
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Other biologic effects salicylates occur independently the adrenal 
cortices. Thorn (1951) has noted the usefulness aspirin controlling the 
fever patients having adrenal cortical insufficiency. 

would special interest know whether not the therapeutic 
effect aspirin and similar compounds upon the rheumatoid diseases 
mediated the adrenal cortices. This hypothesis has found favor among 
number laboratory and clinical investigators but the supporting evi- 
dence indirect and can otherwise interpreted. critical trial the 
hypothesis would require the testing these compounds patients with- 
out functional adrenal glands who also have one the rheumatoid dis- 
eases. 

SUMMARY 


This study was partial test the hypothesis that large doses aspirin 
can cause state hypercorticalism the rat. Thirty-three partially de- 
pancreatized male rats about 300 gms. weight were force-fed medium 
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carbohydrate diet. Sixteen rats this group were also adrenalectomized 
and treated with adrenal cortical extract amounts ec. daily) 
which sustained the preadrenalectomy level glycosuria. Each rat was 
given subcutaneous injections aspirin oil suspension amounts 
40, and 160 mg. per rat for days per dose. There was marked suppres- 
sion glycosuria extent which was related the size the dose 
aspirin. When the injections the drug were stopped there was tem- 
porary exacerbation the glycosuria much higher levels than were 
noted during the pre-injection period. Since the pattern and extent re- 
sponse aspirin was identical both the presence and absence the 
adrenal glands, was concluded that this pharmacologic effect aspirin 
not mediated the adrenal glands. 
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ANTAGONISTS CORTISONE: ACTH-LIKE 
ACTION STEROIDS 


ROBERT GAUNT, CONSTANCE TUTHILL, NANCY 


Research Laboratories, Ciba Pharmaceutical Products, Inc., Summit, New Jersey 


experiments reported here were undertaken determine some 

the effects cortisone rats could antagonized otherwise 
modified the simultaneous administration other steroids. the 
course the initial studies was observed that both 17a-methyl-5-andro- 
subsequently referred MAD, and testosterone 
propionate (TP) counteracted markedly the adrenal-inhibiting effects 
cortisone (Gaunt, Howell and Antonchak, 1952) and subsequent work has 
been focused largely that point. coincidence Winter and Hollings 
(1951) and Winter, Hollings and Stebbins (1953) independently but 
earlier observed the same adrenal-maintaining effect the same two com- 
pounds. They put their data our disposal prior its publication. 
have extended their work particularly studying the effects large 
number steroids but all instances which duplication occurred 
have confirmed their findings. 

has been known since the original work Cutuly, Cutuly and 
McCullagh (1938), confirmed Leonard (1944) and Zizine, Simpson and 
Evans (1950), that testesterone propionate and some other steroids (Lea- 
them and Brent, 1943; Leonard, 1944) would prevent partially the ex- 
pected adrenal atrophy after hypophysectomy. Leathem (1944) saw the 
same effect testosterone propionate but found that was time-limited 
response which faded out despite continued treatment. have found 
that cortisone-induced adrenal atrophy intact animals can pre- 
vented testosterone and large number other C-19 and C-20, but 
not C-21, steroids and that this effect cannot correlated with their an- 
drogenic, growth-stimulating other observed biological properties. 


METHODS 


Male rats from our inbred Wistar stock weighing approximately grams were used. 
They were maintained commercial laboratory chow supplemented lettuce and 
cod liver oil. 

Cortisone acetate was given dose mg. per day and other steroids were used 
varying dosages. All injections were made subcutaneously. the initial experiments 
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treatments were continued for days. Later was observed that essentially the same 
effects could observed after only seven days treatment and subsequent experiments 
were that duration. Fresh wet weight organs are recorded. 

Since data were too voluminous for all them included this paper relative 
organ weights only are tabulated except Table and Actual weights can easily 
estimated from the body weight data. The statistical value included the standard 
nificant are based upon values less than 0.05 from Fisher’s table 

Seminal vesicle weights were included rough index the androgenicity the 
compounds studied. Since non-castrated animals were used, these figures should not 
construed precise measures androgenicity. 

Cortisone acetate, referred generally this paper cortisone, was given aque- 
ous suspension. DCA, estradiol benzoate and the 0.25 mg. doses (Tables and 
were given oil solution. MAD was administered emulsion the cases recorded 
Tables and All the compounds shown Tables and were injected micro- 
crystalline aqueous suspensions. differences attributable the vehicle were observed. 

The adrenal glands were sectioned and examined particularly for changes lipid con- 
tent and distribution. One adrenal was fixed per cent neutral formalin for hours, 
embedded gelatin (Zwemer, 1933) and returned until sectioned. These 
glands were sectioned microns freezing microtome, stained with sudan 
(Herxheimer’s solution, Cowdry, 1943) with sudan black and mounted glycho- 
gel (Zwemer, 1933). Some sections were placed 2.5 per cent ferric ammonium sulfate 
37° for three days and then treated with sulfuric acid (Schultz, 1924) attempt 
reveal cholesterol and its esters. The other adrenal was either fixed Bouin’s fluid 
cold per cent alcohol. The glands fixed Bouin’s were serially sectioned and stained 
with hematoxylin and eosin. The glands fixed were used estimate the 
alkaline phosphatase enzyme the Gomori (1939, 1941) technique with the addition 
per cent magnesium sulfate augment the stain. Such tissues were incubated 37° 
with sodium beta glycerophosphate for three hours 


RESULTS 


Adrenal Maintenance 


noted all the tables, cortisone when given alone produced the ex- 
pected adrenal inhibition. This effect was almost great after after 
days treatment. hypophysectomized rats cortisone was without 
effect the actual adrenal weights but, because body weight loss, in- 
creased the relative adrenal weights. 

DCA also reduced adrenal weight (Table but less than cortisone. 
When DCA and cortisone were combined their effects reducing adrenal 
weight were greater than that either compound alone the 20-day ex- 
periments (Table but not those run for seven days (Table 3). 

sodium chloride drinking solution was without effect adrenal 
weight when given alone with cortisone (Table 1). When given with 
DCA increased adrenal weight over that seen with DCA alone (Table 


1). This may manifestation the expected damaging effects this 
combination. 
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TABLE 1. EFFECT OF VARIOUS STEROIDS ON GROWTH AND RELATIVE 
ORGAN WEIGHTS IN INTACT AND ADRENALECTOMIZED MALE RATS! 


Body weight—gm. | Organ weight (per 100 gm. body weight) 
treatment ) | Term- Adrenal, Thymus, | Kidney, Testis, | “Cminal | rats 
mg. 
Intact 
1. None 65 | 157 144+ 6.0 | 16.6+0.50 | 313+15.3 | 0.91+0.016 | 1.14+ 0.023 | 45.342.9 12 
2. pr Acetate | 68 | 121 77+ 6.4 7.740.55 | 1284+11.9 | 1.03+0.03) | 1.42+0.063 | 53.0+7.8 | 12 
1 mg./day | 
3. DCA 1 mg./day 65 | 172 165+ 9.2 12.94+0.42 | 304+ 10.8 | 1.03+0.013 | 1.08+0.039 | 49.04+3.15 | 12 
4.1% NaCltodrink | 63 148 133+ 10.4 | 18.2+0.93 | 299+ 10.9 | 0.99+0.010 | 1.15+0.045 | 39.5+3.65 | 12 
5. om Acetate | 64 131 104+ 7.7 | 5.9+0.25 | 130+21.8 | 1.19+0.023 | 1.25+0.051 | 43.4+3.74 | 12 
+ A | | | | 
6. DCA+NaCl + | 66 | 147 128+ 9.1 | 15.340.92 | 270+22.2 | 1.23+0.035 | 1.14+0.041 | 39.4+ 3.88 | 12 
7. Cortisone Acetate 67 | 109 | 63+ 6.8 6.840.42 | 125+11.6 | 1.11+0.026 | 1.48+0.047 | 56.2+6.65 | 12 
Adrenalectomized Rats 
None All died before 20th day 
1 mg./day | | | 
10. DCA—1 mg./day 62 162 164+ 6.7 _ | 408 1.08 1.09 46.8 12 
11. 1% NaCltodrink | 69 132 90+ 6.9 | _ 439 1.05 1.18 | 45.2 Poke 
12. Cortisone Acetate | 62 | 120 96+ 6.1 | _ 100 1.17 1.32 40.5 | 12 
+DCA 
13. DCA+-NaCl | 66 | 139 113+ 8.6 352 1.16 1.12 45.3 | 10 
14. Cortisone Acetate 65 | 110 71+ 6.7 _ 101 1.11 } 1.51 | 63.3 12 
Intact Rats 
15. None | 58 | 152 | 162+ 7.0 | 19.3+1.00 | 302+ 15.8 | 0.94+0.018 | 1.17+0.030 | 45+ 2.82) 13 
16. MAD* 2 mg./day 58 | 147 155+ 6.1 | 19.9+0.45 | 179+12.0 | 1.04+0.015 | 0.89+0.04 3074 17.09 | 12 
17. re ry Acetate 57 | 96 | 68+ 4.1 | 22.341.29 | 66.74 6.5 | 1.15+0.026 | 1.264 0.063 | 460+ 27.82 12 
+n A | | | 
18. Cortisone Acetate | 59 | 117 | 100+ 6.6 | 20.5+1.21 | 68.0+11.4 | 1.19+0.026 | 1.11+0.023 | 4684+ 27.55 | 12 
19. Testosterone | 60 158 161+ 10.9 | 18.74 1.49 167+ 13.3  0.97+0.010 0.4740.028 | 3984+ 40.85 12 
0.25 mg./day | | | 
20. Cortisone Acetate 59 122 106+ 7.3 11.740.53 87+ 6.7 | 0.984 0.022 | 0.7940.041 | 484+ 44.82 | 12 
+Test. Prop. | | | | | | 
21. Cortisone | 60 | 133 124+ 7.9 10.3+0.24 74+ 6.0 | 1.1 £0.017 | 0.6540.011 | 511+34.27 12 
Acetate+Test. 


1 In all cases in this and subsequent tables when combined treatments were used the dose of each was the same as that indicated when 
the substances were given separately. 


The first androgens studied were MAD and TP. They were given ini- 
tially daily doses and 0.25 mgs. respectively order achieve ap- 
proximate equality androgenicity judged the effects seminal 
vesicel weight. such dosage neither MAD nor given alone had sig- 
nificant effect the adrenals intact animals. Both compounds, however, 
when given with cortisone helped prevent adrenal atrophy, with MAD 
being the more effective the two (Tables and 3). When given equal 
doses (Tables and they had equal effects and maintained normal 
relative adrenal weights and near-normal absolute weights cortisone- 
treated rats. 

hypophysectomized rats (Table 0.25 mg. daily dosage was 
without effect adrenal size. MAD mg. per day), the other hand, 


GAUNT, TUTHILL, ANTONCHAK AND Volume 


TABLE EFFECT VARIOUS STEROIDS GROWTH AND RELATIVE 
ORGAN WEIGHTS HYPOPHYSECTOMIZED MALE RATS 


Experiments days duration 


Body weight—gm. Organ weights (per 100 gm. body weight) | 


treatment Initial |Term- | % | Adrenal, | Thymus, | Kidney, | Testis, | vesicle rats 
; inal gain | mg. mg. | gm. gm. | mg. 2 
2. Cortisone Acetate 83 68 | —18.1 | 14.6+0.32 | 51 0.94 | 0.31 | 10.3 19 
3. MAD 85 91 | + 7.0 16.7+0.84 55 0.85 | 1.02 | 1025.0 20 
2 mg./day | | | | | | 
4. —_— +Cortisone 86 71 | —17.2 | 21.640.17 41 | 1.03 1.40 1140.0 20 
5. Test. Prop. 0.25 88 100 | +13.7 | 12.2+0.74 113 | 0.73 0.57 1010.0 | 8 
mg./day | | | 
6. Test. Prop. +Cor- 85 78 —9.1 | 18.0+0.87 | 58 |; 0.95 | 0.98 | 1472.0 | 10 
tisone Acetate | 


produced distinct increase adrenal weight. When cortisone was given 
combination with MAD normal relative adrenal weight was ob- 
tained. Actual weights, however, were greater than when MAD alone 
was given. 


TABLE 3. ErrecT OF VARIOUS STEROIDS ON GROWTH AND RELATIVE 
ORGAN WEIGHTS IN INTACT MALE RATS 


Experiments days duration 


| Body weight—gm. | Food | Organ weights (per 100 gm. body weight) 
treatment Initial Term-| gain rat/day, Adrenal, Kidney, Testis, vesicle, rat 
inal mg. mg. | gm. | gm. | mg. 
1 mg./day | | | | | 
1 mg./day | | | | | 
0.25 mg./day | | | | 
sone Ac.+DCA | | | | | 
Ac.+DCA 
107 /day | | | 


+Cortisone Ac. } 


apparent from Tables and that sizeable group other steroids 
are effective MAD preventing cortisone inhibition the 
adrenals. None these compounds, when given alone, increased adrenal 
size significantly when compared with control groups observed simul- 
taneously with the possible exception 178-hydroxyandrostan-3-one. 
Some them may have been expected depress adrenal weight given 
for long periods (Selye and Stone, 1950). Most the C-19 and C-20 com- 
pounds were approximately equal effectiveness. The 21-carbon ethy, 
and vinyl derivatives androstenediol testosterone were, however, 
curiously weak ineffective. 
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TABLE EFFECT VARIOUS STEROIDS GROWTH AND RELATIVE 
ORGAN WEIGHTS INTACT MALE RATS 
Experiments days duration 
(Daily dosage: Cortisone mg.; All others mg.;—10 rats per group) 


Body weight | | Food Organ weights (100 gm. body weight) 
mg. mg. gm. gm. vesicle 
2. *None 58 95 64+3.4 14.3 22.4+0.77 479 1.17 0.7 12.8 
3. Cortisone 63 68 12+2.4 11.6 10.3+0.65 63 1.28 1.01 | 15.8 
4. *Cortisone 59 68 15+ 2.3 12.2 | 12.3+0.69 47 1.41 0.92 | 15.8 
5. 178-hydroxyandrostan-3-one 59 94 | 57+2.8 13.9 | 23.6+1.01 208 1.13 0.71 | 164.0 
No. 5+Cortisone 61 75 20+ 2.9 12.0 23.4+ 1.35 49 1.38 0.89 | 233.0 


6. *17a-methyl-176-hydroxy- 


androstan-3-one 62 105  70+3.4 16.0 | 23.0+1.17 213 1.22 0.56 149.8 
No. 6+Cortisone | 80 3143.9 | 14.7 | 23.34+0.83 50 1.36 0.70 202.0 
7. 17a-Methyl-5-androstene-38, 
178-diol 61 100 60+ 2.7 14.3 23.6+ 1.03 224 1.13 0.74 133.0 
No. 7+Cortisone 62 77 22+2.6 | 12.4 22.3+ 1.02 52 1.30 0.91 174.0 
No. 8+Cortisone 59 75 25+2.8 | 10.0 21.6+0.76 1.27 0.90 | 212.0 
3-one 60 102 7141.5 | 15.2 21.946.70 | 344 1.19 0.65 | 71.8 
No. 9+Cortisone 61 7% | 2442.3 | 13.2 21.5+0.49 | 60 1.30 0.85 110.3 
10. "Testosterone Propionate 58 102 | 75+3.3 | 14.6 22.940.70 | 204 1.18 0.67 | 179.0 
No. 10+Cortisone | | 760 | 3042.7 | 13.1 | 20.8+1.03 | 49 1.50 | 0.83 | 234.0 
11. 5-androstene-38,178-diol 58 95 59+ 4.3 13.4 | 21.2+1.14 | 299 1.13 0.68 | 48.2 
No. 11+-Cortisone 57 70 20+ 3.0 11.2 | 20.74+1.51 | 58 1.26 0.94 68.4 
stanediol 57 94 6244.3 13.6 | 21.741.30| 214 1.12 0.73 | 75.2 
No. 12+Cortisone 59 72 20+ 2.3 12.9 | 20.741.22 | 49 1.26 0.73 105.5 
13. Androstane-3a,178-diol | 57 92 | 6043.6 | 13.0 | 23.3+1.02| 213 1.17 0.70 | 171.8 
No. 13+-Cortisone 57 71 2342.0 | 11.3 | 19.941.33 | 46 1.32 | 0.88 213.5 
No. 14+Cortisone | 60 71 18+ 2.5 | 11.7 | 18.0+0.78 | 49 1.27 0.72 | 61.3 
No. 15+-Cortisone 62 76 23+ 2.9 | 13.7 16.1+0.65 74 1.50 0.92 33.6 
16. *17a-Ethylandrostane-diol 59 94 | 6043.2 | 14.6 | 21.94+1.00 368 =| («1.18 0.70 
No. 16+Cortisone 61 71 =| «1842.4 12.6 | 15.44+0.48 80 1.31 0.83 17.3 
No. 17+Cortisone 61 73 20+3.0 | 12.6 14.0+0.85 | 52 es 0.67 127.4 
18. 17a-Vinyltestosterone ; 6 | 98 58+3.0 13.0 18.9+0.64 309 | 1.16 0.52 93.1 
No. 18+Cortisone | 60 74 =| 2242.9 | 18.5 | 12.8+0.77 62 1.22 0.62 129.3 
19. 17a-Ethyl-5-androstene-38, | 
176-diol | 60 95 5645.5 13.4 20.8+ 1.62 323 1.10 0.79 24.3 
No. 19+Cortisone | 61 72 =| «1842.3 11.8 | 12.7+0.97 67 1.21 0.97 | 32.0 
17-one F 60 98 62+3.2 | 14.7 | 21.940.52 | 360 1.15 0.78 | 14.8 
21. 17a-Vinyl-5-androstene-38, 
176-diol 62 101 56+ 3.3 14.4 19.7+0.85 327 1.12 0.80 21.8 
No. 21+-Cortisone 56 68 | 2143.5 10.8 | 11.6+0.88 66 1.17 0.90 23.1 


* The groups marked by an asterisk were observed in one continuous experiment and those not so designated in another. 


happened that our first observation adrenal maintenance corti- 
sone-treated animals was with mg. daily doses MAD. For the sake 
uniformity most other steroids were compared with MAD that same 
dose level. apparent, however, from cursory study with the small 
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number animals shown Table that least MAD and 5-andro- 
were effective doses less than mg. per day. The 
same result was found Winter al. (1953). also apparent 


TaBLeE 5. SUMMARY OF DATA ON EFFECT OF CORTISONE ALONE AND IN COMBINATION 
WITH OTHER STEROIDS ON ADRENAL WEIGHT 


Volume 


Treatment! 


None 
Cortisone Alone 


Cortisone +the following: 
(dihydrotestosterone) 
(methyldihydrotestosterone) 
(MAD) 
17a-methyltestosterone 
(Testosterone ether) 
Testosterone Propionate 
Estradiol 
Dehydroepiandrosterone 
17a-ethyltestosterone 
17a-vinyltestosterone 
178-diol 
(Dehydroepiandrosterone ether) 


Adrenal 
weight, 
mg. 


20.3 


Adrenal 
weight, 


21.0 
11.2 


| 
| 


mg./100 gm. 


23. 


data, shown Tables and 


All dosages were: mg. mg. other steroids (except Estradiol benzoate) 
per day for days. The effect the various steroids given alone, together with other related 


(AD) ADRENAL WEIGHT WHEN GIVEN ORALLY 
SMALL SUBCUTANEOUS DOSES 


rats per group, treated for days) 


| 


Daily treatment 


mg. stomach mg. Cortisone subcu. 


mg. MAD subcu.+1 mg. Cortisone subcu. 


0.5 mg. MAD subcu.+1 mg. Cortisone subcu. 


0.5 mg. subcu.+1 mg. Cortisone subcu. 


mg. MAD stomach mg. Cortisone subcu. 


mg./100 gm. 
15.2 
13.4 20.4 


No. 
Adrenal Adrenal 
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that neither the two above-mentioned compounds were fully active 
when given orally mg. doses. Further studies along this line are 
progress. 

The effects small doses estradiol benzoate were surprisingly like 
those the larger doses androgenic steroids maintaining adrenal 
weight the cortisone-treated animals (Table well-known prop- 
erty estrogens cause adrenal weight increment intact animals 
when given alone and that was seen here. Given with cortisone had 
effect adrenal maintenance intermediate between that the most ac- 
tive and least active compounds shown Table Further studies with 
steroids related estradiol are now progress. 


Adrenal Histology 


Comprehensive histological study was done only the adrenals from 
the animals shown Table and those from Table treated with 
mg. daily and with their appropri- 
ate controls. The latter compound was especial interest because while 
maintained adrenal weight well its androgenic activity was 
greatly reduced. 

Lipid: The control glands presented the typical concentration 
lipid the adrenal cortex (Fig. 1). The glomerulosa layers were generally 
narrow and while most cells contained lipid occasional cluster lacked 
and broke the continuity continuous ring under the connective tissue 
capsule. sudanophobic zone separated the glomerulosa and fasciculata. 
This band lipid free cells apparently characteristic the male rat. 
The outer fasciculata was fat laden and this heavy concentration some 
cases continued the reticularis other cases gradual decrease 
concentration occurred toward and through the reticularis. 

Administration cortisone acetate appeared favor enlargement 
the glomerulosa emphasized the intense lipid staining many the 
cells (Fig. 2). occasional adrenal exhibited some fascicular fat, generally 
the outer half, but the staining intensity was always subnormal. 
more than half the glands, the fasciculata and reticularis were lipid 
free; these tended the smaller glands the series. 

The simultaneous administration mg. per day DCA with corti- 
sone unexpectedly offered some protection from lipid depletion (Fig. 3). 
Some fascicular fat was present, ranging from tinge moderate 
amount but the lipid was always relegated the outer third half 
Cortisone seemed have the dominance enlarging the 
glomerulosa but the lipid was not uniformly heavy that zone. 

MAD mg. daily amounts had effect adrenal lipid distribution. 
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However, when combined with cortisone the depleting effects the corti- 
sone were largely prevented and the lipid distribution was within the range 
normal limits (Fig. 5). The impression was gained, however, that the 
glomerulosa was still enlarged the cortisone but when DCA was added 
triplicate treatment that the glomerulosa returned normal size 
some but not all cases (Fig. 7). 

Testosterone proprionate 0.25 mg. daily amounts whether given 
alone, with cortisone with cortisone and DCA had effects except 
inhibit slightly the lipid-depleting effects cortisone. Two mg. doses 
and had effects indistinguishable 
from those described above with the same dose MAD (Figs. and 6). 

Estradiol benzoate per day) effectively eliminated the sudano- 
phobic zone (as per Greep and Jones, 1950) but did not alter lipid other 
parts the cortex. When estradiol was given with cortisone the lipid 
distribution was otherwise normal four ten cases. The six remaining 
cases had enlarged glomerular zones which were fat-laden while other parts 
the cortex showed only uniform hazy film stain. The pattern was 
that cortisone-treated gland but instead the fasciculata and reticu- 
laris being mostly fat free there was always some lipid. 

Alkaline phosphatase: Using glycerophosphate substrate, the 
normal adrenal exhibited considerable concentration enzyme the 
glomerulosa; the nuclei stained markedly and the cytoplasm slightly. 
Only slight amounts were observed the nuclei and none the cytoplasm 
the other cortical cells. Cortisone appeared reduce slightly the fascic- 
ular enzyme concentration whereas MAD and tended increase 
slightly. The uncertain impression was gained that the increase alkaline 
phosphatase imposed androgen was not altered simultaneous treat- 
ment with cortisone. 

Cholesterol esters: The Schultz technique, presumably revealing cho- 
lesterol its esters, was postive the adrenal cortices all control rats. 


1-7. Adrenals stained with sudan black from animals treated with various 
steroids for seven days. X176. These figures are described the text with other related 


data shown tables indicated below. Lipid content essentially normal Figures 
and 


Control—no treatment (Table 3). 
Cortisone acetate only (Table 3). 

Cortisone (Tables and 5). 

Cortisone+Testosterone Propionate (Tables and 5). 

(Table 3). 
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minimal response staining appeared the glomerulosa and the outer 
half the fasciculata the untreated animals. Cortisone and 
methoxy-4-androsten-3-one, given singly, both eliminated the Schultz 
reaction, whereas mg. per day) weakened but did not abolish it. 
There was positive Schultz response cases treated with cortisone plus 
but, unexpectedly, responses were all positive rats given cortisone 
plus 178-methoxy-4-androsten-3-one. This curious difference between 
and the methyl ether testosterone not understood but was ob- 
served consistently. Further studies both chemical and histochemical 
sort are required for interpretation these observations. 


Growth 


Cortisone exhibited all experiments its expected growth-inhibiting 
With equal regularity DCA partially antagonized this action 
cortisone either normal adrenalectomized rats and the presence 
absence other growth-stimulating steroids (Tables and 3). 

sodium chloride drinking solution did not alleviate the growth- 
depressing effect cortisone intact rats but did increase the body 
weights adrenalectomized animals treated with cortisone (Table 1). 

Testosterone propionate doses 0.25 mg. per day did not affect the 
growth rate intact rats the 20-day experiments (Table 1). appeared 
the seven-day experiments both 0.25 mg. (Table and 
mg. (Table daily dosage. did, however, definitely antagonize 
the growth-depressing effect cortisone both the long-term (Table 
and short-term (Tables and experiments. When given with DCA, 
testosterone further increased the growth rate rats 
beyond the effects attributable DCA (Tables and 3). 

With one possible exception MAD did not affect the growth rate 
either intact hypophysectomized animals when given alone with 
cortisone (Tables and 3). The exception was the group shown Table 
which there was apparently significant augmentation weight 
cortisone-treated rats receiving MAD compared with those treated with 
cortisone alone. MAD has any growth-promoting action the condi- 
tions used here, however, least weaker than that andro- 
genically equieffective amount TP. 

Estradiol benzoate expected inhibited growth when given alone but 
the one experiment where was tried combination with cortisone 
prevented partially the growth inhibition caused the latter (Table 3). 

The several steroids listed Table were generally without clear-cut 


The term growth used here for convenience being synonymous with body 
weight increase. The possible pitfalls this practice are recognized. 
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effect body weight when given alone but all cases appeared an- 
tagonize cortisone-induced growth inhibition. statistical criteria some 
these effects were highly significant and some were not. Definite con- 
clusions the relative value the compounds growth promotion 
would better based repetition the experiments varying dosage 
levels than statistical manipulation available data. 


Relation Food Intake Growth 


Cortisone caused mean reduction food intake all series observed 
(Tables and 4). The data obtained not provide clean-cut answer 
the question whether the growth-promoting action steroids like 
testosterone propionate the cortisone-treated animals due in- 
crease their appetites. One could select from Tables and groups which 
indicate that increased growth responses animals given cortisone and 
other steroids correlated with increased food consumption. 
other series such correlation was not present. Unfortunately paired-feeding 
experiments designed provide more direct evidence produced only 
equivocal results due unforeseen complications. Until further study 
made would conclude tentatively that any growth-promoting activities 
seen with the presumed anabolic steroids were not entirely due in- 
creased food consumption. 


Other Effects 


Several effects the many steroids used were observed the weights 
various organs. These effects, general, were those expected from previ- 
ous reports widely-scattered literature. Some them are mentioned 
briefly here case they may value for reference purposes. 

Thymus. Most the steroids used with the exception DCA tended 
cause thymic atrophy. The effect cortisone was greater than that 
other steroids and was fully evident after seven days treatment. The 
effects MAD and TP, the other hand, were more marked than 
days (Tables and 4). 

Testes. Cortisone treatment uniformly caused increase relative 
but not actual testis weight. other words, the testis escaped the growth- 
inhibiting effects cortisone considerable extent. many instances 
cortisone minimized the testis-inhibiting effects the sex steroids (Tables 
and 3). MAD and showed the expected testis-inhibiting action in- 
tact animals and testis-maintaining action hypophysectomized animals 
(Tables and 4). Most the steroids listed Table were testis in- 
hibitors varying degrees and again cortisone tended antagonize this 
action terms relative testis weight. 
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All treatments the animals shown Table except that with es- 
tradiol benzoate, were without obvious effect spermatogenesis despite 
some changes testis size. general, spermatogenesis had progressed 
the secondary spermatccyte stage and occasional spermatids were seen. 
Estradiol seriously retarded the gonad. Spermatids were never seen ani- 
mals treated with this steroid and not infrequently only primary sperma- 
tocytes were present; desquamation cells into the lumina was common. 

Sudanophilic lipids were clearly apparent the interstitial cells the 
testis with all treatments. 

Kidney. the 20-day experiments (Table cortisone, DCA and MAD 
all produced either actual relative increase kidney weight, while 
did not. This effect cortisone was apparent adrenalectomized (Table 
and hypophysectomized (Table rats and the short-term experi- 
ments (Tables and 4). Little effect other steroids was noted 
kidney size the seven-day experiments. 


DISCUSSION 
Adrenal Maintenance 


has been known for some time that androgenic steroids inhibit the 
spermatogenic tissue the testis intact animals and men presumably 
inhibiting the release pituitary FSH. the other hand these steroids 
will maintain spermatogenesis when given large dosage hypophysec- 
tomized animals (Walsh, Cuyler and McCullagh, 1934; Nelson and Gal- 
lagher, 1936). Further studies, conducted particularly Ludwig (1950) 
Nelson’s laboratory, which paid due consideration dosage relation- 
ships, showed clearly that certain steroids given small doses inhibited 
the testis intact animals because they inhibited the release gonado- 
trophic pituitary factors, whereas given larger doses these same steroids 
could direct action maintain spermatogenesis either intact hypoph- 
ysectomized animals. 

These facts are mentioned because seems clear from the work reported 
here, and related observations from other laboratories, that some closely 
analogous situation holds concerning steroid-ACTH relationships and the 
adrenal cortex. has been abundantly demonstrated that the adrenal 
steroids, and particularly those oxygenated the C-11 and C-17 positions 
such cortisone, produce morphological and functional inhibition the 
adrenal cortex inhibiting the production release ACTH (reviewed 
Sayers, 1950). one has shown that, the steroid-testis relation- 
ship, the same substances which cause inhibition can large doses provide 
adrenal maintenance, although the adrenal-supporting action cortisone 
when given with MAD hypophysectomized animals (Table remi- 
niscent that relationship. 
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The data presented here concern morphological maintenance the 
adrenals. intensive study now being made attempting assess the 
functional capacity adrenals animals treated with cortisone and other 
steroids. The full significance the observed morphological effects will 
depend the outcome such work. least order speculate 
whether the clinical benefits giving androgens with cortisone, 
mentioned below, are due some measure effects the androgens 
the adrenal itself well other means. 

Steroids such MAD could theoretically adrenals either 
direct action maintaining secretion ACTH, i.e., blocking 
the ACTH-inhibiting effect cortisone. Their effect least partially 
direct shown their activity after hypophysectomy. Bergstrand 
(1952) also thought likely that testosterone had stimulating effect 
the adrenals not mediated through the pituitary. the other hand, the 
failure androgens alone maintain normal adrenal size hypophy- 
sectomized animals leaves the problem open for further experimental 
analysis. 

clear correlation was generally apparent between the effects steroids 
adrenal weight and the lipid the inner cortical zones. 
Treatments (e.g. cortisone) which suppressed adrenal weight also sup- 
pressed sudanophilia and treatments which prevented cortisone from caus- 
ing adrenal weight reduction prevented reduction sudanophilia. Our 
results this respect are agreement with those Winter al. (1951). 
The response the zona glomerulosa the various treatments, however, 
differed from that the inner zones the adrenal. Cortisone had effects 
which were not completely blocked other steroids. presume such 
findings are related other evidences independent behavior the 
glomerulosa (Greep and Deane, 1949). 

The attempts estimate cholesterol its esters the Schultz tech- 
nique produced results which cannot satisfactorily interpreted pres- 
ent. least clear that the responses the Schultz test did not paral- 
lel those sudan stains. 


Correlation with Chemical Structure 


Data hand not yet permit correlation between chemical structure 
the steroids used and adrenal-maintaining activity, except that gen- 
eral the C-19 and C-20 compounds were more effective than C-21 steroids, 
even though otherwise identical chemical structure. This perhaps not 
surprising because several the C-21 steroids including the corticoids 
themselves and vinyltestosterone (Lewis al., 1949; Bennett and Evans, 
1951), are known adrenal inhibitors given adequate dosage and for 
adequate duration. Although was not consistently observed, the com- 
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pounds which did not antagonize cortisone tended decrease adrenal 
weight when given alone our short-term experiments (Table 4). 
interest that the active grouping position the 
steroid molecule making the ether dehydroepiandrosterone 
(No. Table completely eliminated its adrenal-maintaining ability. 
This chemical maneuver will more enlightening when tried other 
more active compounds because dehydroepiandrosterone (No. Table 
antagonized cortisone only weakly and itself tended adrenal 
inhibitor. The position testosterone making its 17- 
methyl ether (No. Table 4), while greatly reducing its androgenic ac- 
tivity (Table and unpublished observations), did not alter its ability 
antagonize cortisone. 


Correlation with other Biological Properties 


apparent correlation can made between other biological properties 
the steroids tested and their ability prevent cortisone inhibition 
the adrenals. Most the compounds used were androgens. Some were 
strong, however, and some very weak judged their ability stimu- 
late the seminal vesicle and not all the androgens tried would maintain 
the adrenals. Furthermore, the positive effects estradiol benzoate 
small doses shows that the effect not limited the classical androgens. 
Most the non-corticoids used inhibited testes but that was true vari- 
able extents and occurred whether not the compounds maintained 
the adrenals. Likewise all the compounds used tended antagonize the 
body growth-inhibiting effects cortisone irrespective their effect 
the adrenal. likely, therefore, that adrenal separable 


property large group steroids which the moment have other 
obvious common feature. 


Growth 


common clinical finding that the administration androgens 
with cortisone prevents some the catabolic effects the cortisone (e.g. 
Kinsell, 1951; Clark, Manning and Appleton, 1951; Luft and Sjogren, 
1951). likely that the ability testosterone and other steroids seen 
here prevent partially cortisone-induced growth inhibition mani- 
festation what usually called the anabolic action steroids. this 
true, the animal whose growth inhibited cortisone might serve 
assay specimen for such anabolic steroids. that case, however, 
would have said the MAD weaker anabolic stimulant than 
when given doses that are approximately equal androgenicity. Before 
such conclusions are made, however, our observations would have 
correlated with nitrogen metabolism pair-fed force-fed animals and 
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distinction made between weight increment due salt and water reten- 

and tissue growth. any case interest that growth the cor- 
tisone-treated animal maintained better combination DCA and 
than either substance alone. 

The growth-inhibiton and other toxic manifestations cortisone 
ACTH treatment have been part antagonized variety means 
such liver therapy (Ershoff, 1951), aureomycin (Meites, 1952), potassium 
(Whitney and Bennett, 1952; Glafkides al., 1952) and fat (Kinsell al., 
1951). Such results plus those the type reported here with steroids indi- 
clearly that the continuing search for agents which ameloriate the 
unwanted effects cortisone worthwhile. 


SUMMARY 


large number steroids including methylandrostenediol and tes- 
tosterone propionate prevented the adrenal-inhibitng effect cortisone 
rats judged the maintenance adrenal weight, general histological 
appearance and the amount and distribution sudanophilic lipid. Most 
the steroids tried which contained carbon atoms were effective 
preventing adrenal atrophy; C-21 steroids were either weak inactive. 
Such results with and MAD confirm the findings Winter al. The 
effects were observed several steroids triplicate combinations and 
high salt diet combination with DCA and cortisone. 

The majority the compounds which prevented cortisone inhibition 
the adrenals possessed some androgenic activity but their effectiveness 
was not correlated with their relative androgenicity and all androgenic 
compounds did not prevent adrenal atrophy. Estradiol small doses also 
had some degree the ability antagonize the adrenal-depressing effects 
cortisone. 

Compounds which were effective preventing cortisone from caus- 
ing adrenal atrophy had little, any, adrenal-stimulating effect 
given alone. 

Cortisone was given dose mg. per day and most other ster- 
oids, either alone combination with cortisone, dose mg. per 
day. Preliminary experiments, however, suggested that methylandro- 
stendiol and presumably other steroids can prevent cortisone-induced 
adrenal atrophy much smaller daily dose than mg. when injected but 
that its effectiveness reduced oral administration. Estradiol benzoate 
had some activity 10y doses. 

hypophysectomized rats methylandrostenediol given alone par- 
tially prevented adrenal atrophy. When given with cortisone, relative 
but not absolute adrenal weights were enhanced. Cortisone alone increased 
the relative but not absolute adrenal weight after hypophysectomy. The 
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conclusion not yet warranted that the adrenal-maintaining ability 
combinations steroids independent the pituitary since given treat- 
ment was found more effective intact than hypophysectomized 
animals. 

Cortisone depleted the sudanophilic lipids the fasciculata and retic- 
ularis, action which was blocked methylandrostenediol, testoster- 
one propionate and The latter compounds 
were without effect sudanophilia when given alone. Estradiol benzoate 
eliminated the zone the male rat adrenal and partially 
inhibited the lipid-depleting effects cortisone. More lipid was present 
glands animals treated with cortisone plus DCA than those given 
cortisone only. different pattern results was obtained, however, 
when adrenals were stained the Schultz technique for cholesterol its 
esters. 

Testosterone propionate, DCA and most the other steroids used, 
including estradiol benzoate, antagonized some degree the body weight- 
inhibiting effects cortisone whether not they prevented adrenal 
atrophy. some but not all groups, the animals combined therapies 
ate more food than those cortisone alone. 

The normal weight increment the testes and the kidneys was in- 
hibited less cortisone than that the body whole. 

suggested that the ability prevent cortisone inhibition the 


adrenal defines group steroids without other common biological pro- 
perties. 


ADDENDUM 


= 


Work completed since the foregoing was written has established the 
following: (1) Judged its effects adrenal weight and maintenance 
sudanophilic lipids low dosage (0.25 mg. per day) MAD the most 
effective steroid preventing adrenal atrophy the several compounds 
which seemed equally active high dosage mg. per day) Table 
(2) The following were either weak inactive mg. daily doses: 
progesterone, ethinyltestosterone, pregnenolone, 
20-one, and 4-androsten-3-one. The 3-methyl ethers MAD and an- 
drostenediol were slightly less active than the latter compounds them- 
selves. Such results, together with those recorded the above paper, show 
that some functional group C-17, best exemplified and 
probably enhanced the presence a-methyl group, necessary for 
adrenal-maintaining activity. The weakness inactivity C-21 com- 
pounds confirmed. Alterations functional groups C-3, their 
absence, result quantitative variations of, but not loss of, activity. (3) 
Further work with estradiol benzoate, and and stilbestrol 
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indicates that they exert only weak and inconstant activity which unlike 
the more effective steroids probably due their stress-like stimulation 
the adrenal. 
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ANEMIA THE RABBIT DURING PREGNANCY AND 
FOLLOWING TREATMENT WITH WATER 
SOLUBLE OVARIAN 


From the Department Biological Sciences, Purdue University, Lafayette, Indiana 


NEMIA pregnancy has been described number widely diver- 

gent species mammals. general has been concluded that this 
phenomenon due hemodilution (Bond, 1948; Houssay, 1951), 
although the etiologic factors responsible for the anemia remain unknown. 
Some investigators still feel that the anemia may due nutritional de- 
ficiencies. Forman (1950) has reported excellent results pregnant women 
with molybdenum iron complex, which caused increase the hemo- 
globin and prevented the anemia pregnancy. However the work 
Mitchell and Miller (1931), Beard and Myers (1931) and Van Donk, Feld- 
man and Steenback (1934) the rat, would seem indicate that this 
anemia not due lack nutritional factors. 

The ability different hormones the lack these hormones cause 
anemia has been reported rather extensively. has been shown that 
hypophysectomy, throidectomy treatment with estrogens depress the 
number circulating erythrocytes (see review Gordon and Charipper, 
1947). Recently Witten and Bradbury (1951) reported hemodilution and 
decrease the red blood cell count women after estro- 
gen. Studies the rat indicate that the placenta the source the factor 
(or factors) responsible for the anemia pregnancy (Newcomer, 1947), 
and that the anemia due hemodilution (Bond, 1948). These results 
would tend suggest that the estrogens, which are present increasing 
amounts during pregnancy, may the etiologic agents. 

The present investigation was undertaken elucidate the factors re- 
sponsible for the anemia pregnancy. the initial phase this study, 
the normal pattern pregnancy was followed determining the changes 
the water balance, the circulating erythrocytes, leucotyces, hemoglobin, 
hematocrit, non-protein nitrogen and chlorides the blood and the uri- 
nary chorides. the second part this study the same determinations 
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were made rabbits during treatment with water soluble extract the 
ovary pregnant sows. This preparation (relaxin) was tested these ex- 
periments since previous work (Zarrow 1949) had shown that possessed 


the ability cause water retention and thus possibly produce hemodilu- 
tion. 


MATERIAL AND METHODS 


Grey, chinchilla rabbits obtained from Rockland Farms were used the present study. 
All animals were housed under normal conditions constant temperature and humidity 
with free access Purina rabbit chow, lettuce and water. During the course the ex- 
periments some the rabbits were placed metabolism cages and daily measurements 
made their water intake and urine output. Blood samples were obtained from the 
marginal vein the ear regular intervals 10, 15, 20, 25, and days after mating 
and and days after parturition. the experiments involving treatment with 
ovarian extracts, blood samples were obtained every third day and minimum three 
control samples were obtained prior mating treatment. 

Total erythrocyte and leucocyte counts were carried out duplicate and hemoglobin 
concentrations were determined Klett photoelectric colorimeter after dilution with 
0.1 hydrochloric acid. Reticulocyte counts were made using brilliant cresyl blue and 
minimum 1,000 red blood cells were counted. Hematocrit determinations were carried 
out Wintrobe tubes after centrifugation for minutes 2,500 R.P.M. Non-protein 
nitrogen determinations the blood were made according the micro-Kjeldahl method 
using sulfuric and phosphoric acid for digestion and determining the ammonia colori- 
metrically after direct Nesslerization (Hawk, Oser and Summerson, 1947). The serum 
chlorides were determined according the method Shales and Shales (1941) titrat- 
ing with standard mercuric nitrate solution and using carbazone indi- 
Urinary chlorides were determined above except that the urine was first treated 
with norit and per cent sodium nitro-prusside was used the indicator. 

Several different relaxin were used this study the source the 
water soluble factor. all instances the extract was obtained from the ovaries preg- 
nant sows and purified for its relaxin content. Consequently the amount ovarian 


ovarian extract used these experiments expressed guinea pig units (GPU) 
relaxin. 


OBSERVATIONS AND RESULTS 
Blood Constituents During Pregnancy 


Data the hemoglobin and cellular elements the blood the normal, 
pregnant and post partum rabbit may seen Table The normal rab- 
bits this strain possess red blood cell count 5,950,000 per 
highly, significant decrease the circulating erythrocytes seen the 
20th the 25th day pregnancy. The decline progressive throughout 


Relaxin preparation was obtained through the courtesy Dr. 
Frieden and several other relaxin preparations (Releasin) were obtained from Dr. 
Laboratories. Preparation J46 was prepared one and has been 


used other studies involving the action relaxin (Zarrow and Money, 1948; Zarrow, 
1949). 


ZARROW AND ZARROW 


Volume 


TABLE 1. CHANGES IN THE CELLULAR COMPONENTS AND HEMOGLOBIN OF THE 
BLOOD OF THE RABBIT DURING PREGNANCY! 


per cmm. index 


Days pregnant 


5.95 11.9+0.22 38.7+0.69 2.1+0.24 
11.9+0.32 39.0+0.87 2.2+0.36 1.02 
5.70+0.10 11.8+0.28 38.0+0.84 2.6+0.35 1.04 
11.7+0.21 37.0+1.20 3.9+0.42 1.07 
35.3+1.36 6.8+1.03 1.09 
5.00+0.18 10.8+0.31 3.8+0.72 1.07 
9.9+0.34 32.1+0.34 2.4+0.43 1.03 


Days post partum 
5.09+0.18 10.2+0.40 33.2+ 


o 
or 


Ten rabbits were used and total pregnancies studied. 


Standard error 


Hb/100 ml. pregnant rabbit blood RBC count pregnant rabbit 


gm. Hb/100 ml. normal rabbit blood count normal rabbit 


gestation with return normal levels after parturition. early 
days postpartum the number circulating red blood cells has returned 
the normal value. The average decline erythrocytes approximately 
the order per cent. Along with the drop red blood cells may 
seen concommitant decline hemoglobin and hematocrit. All three ap- 
pear parallel each other throughout gestation with the most rapid drop 
occurring between the 20th day and the termination Com- 
plete recovery the hemoglobin concentration may noted the 15th 
day after delivery. The color index also indicates the parallel nature 
the changes the red blood cell count and hemoglobin concentration. 
The hematocrit showed drop 17% the 30th day pregnancy and 
was still 11% below normal days after parturition. 

rise reticulocytes may seen the 15th day pregnancy with 
peak the 20th day. spite the increasing severity the anemia 
the reticulocytes returned normal just prior partutition and showed 
second rise the 5th day postpartum. 

Determination the non-protein nitrogen the blood indicated 
marked and progressive drop throughout the course pregnancy. The 
first significant change was noted the 20th day pregnancy when the 
concentration decreased from normal 42.6 mg. 33.4 mg.%. The 
decline continued throughout pregnancy with partial recovery the 5th 
day postpartum and return normal the 15th day. Serum chlorides 
failed indicate any significant changes during pregnancy the post- 
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partum period. The urinary chlorides showed steady decline the rate 
excretion throughout the course pregnancy and return normal 
the 5th day post partum (Table 2). However, difficult this time 
state whether the drop was significant due the high standard errors 
obtained with the urinary chlorides. Figure shows the entire sequence 
events during pregnancy normal rabbit and indicates the correlation 
time for changes the various blood components. 


RABBIT NO. 5P 


z 

° 35 

5. 


° 5 10 5 20 25 30 P 3 8 13 18 
DAYS—PREGNANT DAYS—POST PARTUM 


Fig. Changes the number circulating erythrocytes, reticulocytes, hematocrit, 


hemoglobin concentration and non-protein nitrogen the blood Rabbit No. during 
pregnancy and following parturition. 


Analysis the type anemia present from data several rabbits in- 
dicate that was normochromic with slight macrocytosis present. The 
mean corpuscular volume and mean corpuscular hemoglobin concentra- 
tion showed marked changes. slight microcytosis occurred during re- 
covery the postpartum period. 
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TABLE 2. CHANGES IN THE SERUM NON-PROTEIN NITROGEN AND THE SERUM 
AND URINARY CHLORIDES DURING PREGNANCY IN THE RABBIT! 


Chlorides 


nitrogen, Serum, Urine, 
m.% milli- gm. per 
equivalents hours 


Days pregnant 


105+1.1 
104+1.3 


Days post partum 
37. 


40. 


105 +0.98 0.906 +0.198 


oo 


rabbits were used and total pregnancies studied. 


Water Balance During Pregnancy 


The water intake and urine output was measured total preg- 
nancies involving rabbits. Throughout this study the animals were kept 
metabolism cages and received food and water libitum. lettuce 


O-WATER 
X-URINE 


PER CENT CHANGE IN URINE OUTPUT 
AND WATER INTAKE 


DAYS PREGNANT 


DAYS 
POST PARTUM 


Comparison the urine output and water intake during pregnancy rabbit 
No. 28. Both volume urine and water are plotted per cent increase decrease 
from the pre-mated levels. The decrease urine output preceded the slight change 
water intake and was much more marked. 
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was permitted the animals during the course these experiments. All 
the animals went into positive water balance during the 2nd half 
pregnancy but the degree antidiuresis varied with the individual. 

Figure shows the data obtained water balance studies during preg- 
nancy rabbit No. 28. Both the water intake and the urine output are 
plotted percentage change from the average values obtained prior 
mating. Thus possible plot the data the same ordinate and 
make direct comparison water balance. obvious that while the 
urine dropped markedly, the per cent decrease water intake was not 
great. Actually rabbit No. showed only small drop water intake. 
other rabbits more marked decrease water intake was obtained but 
all instances the urine retention appeared first and was much more 
marked, indicating definite retention water. 


Blood Constituents Following Treatment with Ovarian Extract 


Data the hemoglobin, hematocrit and cellular elements the blood 
the rabbit during treatment with relaxin may seen Table 
total rabbits were injected with 250 G.P.U. the ovarian extract 


TABLE CHANGES THE CELLULAR COMPONENTS AND HEMOGLOBIN THE RABBIT AFTER 
TREATMENT WITH 250 G.P.U. RELAXIN, TIMES DAILY FOR 


Erythrocytes 


Hemoglobin, Hematocrit, Color 
per cu.mm. 


Length treatment 


days 

10.5+0.43 35+1.8 4.5+0.96 0.93 

Days after cessation 

treatment 
9.8+0.37 32+1.4 0.92 
24-28 11.5+0.24 39+0.61 0.93 


Hb./100 ml. (treated rabbit blood) 


RBC count (treated rabbit) 


gm./Hb./100 ml. (normal rabbit blood) RBC count (normal rabbit) 


(assayed for its relaxin activity) three times daily for days. The rabbits 
showed normal erythrocyte count 5,840,000 cells per cu.mm. Within six 
days after the start treatment the count dropped 5,310,000 and con- 
tinued drop that the 12th day the count had fallen 4,546,000, 
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decrease 20.9%. rise the circulating red blood cells occurred 
within three days after the cessation with return the 
normal count four weeks. 25% drop the hematocrit and 26.6% 
drop the hemoglobin occurred concomitantly with the decrease 
the circulating erythrocytes. The decline was progressive throughout the 
course the treatment; the hemoglobin dropped from normal 12.4 
rise was observed the 3rd day after the cessation treatment and the 
levels were back normal days after treatment had stopped. 

The color index showed slight but insignificant drop during treatment 
with the ovarian extract. general, the color index indicated the parallel 
nature the drop hemoglobin concentration and circulating erythro- 
cytes. The reticulocytes increased progressively throughout the course 
treatment from normal 2.8% 5.9%. During the first days after 
cessation treatment the reticulocytes continued increase reaching 
average concentration 7.6%. Thereafter the number cells declined 
normal level the 24th day. 

Table contains the data the changes observed the non-protein 
nitrogen the blood and the serum and urinary chlorides. The most 
significant changes were observed the concentration the non-protein 
nitrogen which dropped from pretreatment level mg. per cent 


TABLE CHANGES THE NON-PROTEIN NITROGEN THE BLOOD AND THE 
BLOOD AND URINARY CHLORIDES AFTER TREATMENT WITH 240 G.P.U. 
RELAXIN, TIMES DAILY FOR 


Chlorides 


Non-protein 

nitrogen, Serum, Urine, 

mg.% milli- gm. per 

equivalents hours 

Treatment, days 

40+2.8 0.689 +0.079 


Days after treatment 


104+2.2 

105+1.4 0.840 +0.221 
41+1.6 


mg. per cent the 6th day treatment with the ovarian extract and 
mg.% the 12th day. Within three days after the cessation 
treatment the nonprotein nitrogen rose mg. per cent and days 
had returned normal. particularly significant changes were noted 
the serum chlorides. Normal rabbits this experiment had average 
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serum chloride 103 +2.2 eq. which rose 107 eq. This slight 
increase not significant though further studies are needed before ef- 
fect serum chlorides can ruled out. Urinary chlorides were deter- 


RABBIT 


RETICULOCYTES 


HEMATOCRIT 


RBC 
PER CMM. 


1,000,000 
w 


RELAXIN 500U 
TIMES DAILY 

TIME DAYS 


The effect water soluble 
ovarian extract (relaxin) the non-pro- 
tein nitrogen, reticulocytes, hematocrit, 
hemoglobin, and erythrocytes the blood 
normal rabbit. 


mined limited number rabbits and the results were highly vari- 
able. The normal rabbits showed urinary chloride excretion 0.68 
+0.079 gm. per hours. This fell gm. per 24-hours 
after days treatment with relaxin and then rose 0.519+0.128 gm. 
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per 24-hours the 12th day treatment. the third day after treat- 
ment the excretion rose 1.172+0.338 gms. per 24-hours and then re- 
turned normal the 24th day. 

Rabbit No. was injected with 500 relaxin G.P.U. ovarian extract 
three times daily for days (Fig. and showed the same pattern 
noted for the lower dose except for more acute response. This would tend 
indicate that some type dose-response relationship exists. sharp, 
and parallel decline the circulating erythrocytes, hemoglobin and hema- 
tocrit may observed. The maximum response occurred the 10th day, 
although treatment was continued for more days. Immediately upon the 
cessation treatment all values began return normal. The nonpro- 
tein nitrogen showed marked drop 48%, i.e. from gm. 20. The 
reticulocytes showed marked increase the 10th day treatment and 
continued rise the post treatment period reaching peak 18% 
the 4th day after treatment was stopped. 

may noted that marked changes occurred either the mean, 
corpuscular hemoglobin mean, corpusculr 
slight drop the mean corpuscular volume occurred but this was only 
the order and its significance highly questionable. would ap- 
pear that the anemia produced the ovarian extract both normo- 
chromic and normocytic. 


Water Balance During Treatment With the Ovarian Extract 


Figure shows the results obtained the water intake and urine out- 
put following treatment with 500 G.P.U. relaxin (ovarian extract) for 
days. The data are expressed per cent change from the pretreatment 
levels and are plotted the same ordinates. obvious from the re- 
sults that, while both the water intake and urine output drop, the decrease 
much more marked with regard the urine. Furthermore, the decrease 
urine output occurred several days prior the decrease water in- 
take. Hence the initial effect the extract the water balance would ap- 
pear water retention. 


DISCUSSION 


apparent from these results that the rabbit common with several 
other species develops anemia during pregnancy. The erythrocytes de- 
creased from average 5.95+0.083 million per cu. mm. 4.71+0.12 
million per cu. mm. This 20% drop the circulating erythrocytes 
which paralleled concomitant drop hemoglobin (16.7%) and 
hematocrit (17%). The anemia normochromic with slight tendency 
toward macrocytosis. The parallel nature the decrease erythrocytes 
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O-WATER 
X-URINE 


AND WATER INTAKE 


PER CENT CHANGE IN URINE OUTPUT 


TIME-—DAYS 


Changes water intake and urine output Rabbit No. after treatment 
with water soluble extract the ovary the pregnant sow. The data are plotted 
per cent change from the pretreatment levels and indicate decrease both water in- 


take and urine output. However the decrease urine more marked and occurs first 
indicating water retention. 


and hemoglobin also indicated lack change color index during 
pregnancy. The reticulocytes increased from normal 2.1% 6.8% 
the 20th day pregnancy and then fell spite the increasing se- 
verity the anemia. second peak reticulocytes was seen during the 
recovering phase i.e. the 5th day after delivery. significant changes 
were noted the white blood cell count differential. 

Treatment with the ovarian extract (250 G.P.U.) for and days in- 
duced changes the same order magnitude seen during pregnancy. 
The 6-day treatment caused 25.8% drop the nonprotein nitrogen, 
16.9% drop the erythrocytes and 21.9% drop the hematocrit. 
Treatment for days with the same dose caused drop 29.6% the 
erythrocytes, 23.1 the hemoglobin and 24.4 the hematocrit. Doubling 
the dose the ovarian extract increased the severity the anemia, re- 
sulting 36.7% drop the erythrocytes, 36.1% hemoglobin and 
33.9% hematocrit. 

interest note that the ovarian extract was able produce 
drop the nonprotein nitrogen the blood. The decrease was approxi- 
mately the same order magnitude seen during pregnancy i.e. 
29.5% drop during pregnancy and 25.8 36.7% drop following treat- 
ment with the ovarian extract. While disturbances protein metabolism 
during pregnancy have been observed others (Lindeboom, 1948; 
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Hamilton and Higgins, 1949), intriguing note that the ovarian ex- 
tract was not only able produce anemia but also produce drop 
the nonprotein nitrogen the blood. 

The present results indicate that during pregnancy there disturbed 
water balance. spite the decreased water intake some rabbits, all 
them showed some degree water retention during the final trimester 
gestation. Such condition has been described for women (Chesley, 
1944) with indication changes the ratio extravascular fluid volume 
and plasma volume (Caton, Roby, Reid and Gibson, 1949). Recently van 
Dyke (1950) has questioned the antidiuretic action the ovarian extract 
used this study (Zarrow, 1949) the grounds that the antidiuretic re- 
sponse was the result reduced water intake. While reduced water in- 
take apparent during pregnancy and also during treatment with the 
ovarian extract, nevertheless the reduction urine far greater, resulting 
marked water retention. Furthermore the decrease urine output 
consistently preceded the drop water intake. This apparent Fig- 
ures and which show the per cent change the urine and water. The 
ability the ovarian extract produce anemia, drop nonprotein 
nitrogen, and positive water balance plus the similarity the pregnancy- 
anemia and the extract-induced-anemia would tend identify this ovarian 
extract the possible etiologic factor. 

Though relaxin preparations were used this investigation the 
ovarian extract apparent that the anemia-inducing effect not due 
relaxin. number highly purified preparations relaxin failed 
show any water retention anemia-inducing action. Recently Frieden 
and Hisaw (1950) suggested that relaxin may exist molecule 
which retains different physiological activities after splitting. Further 
work needed along these lines especially the purification the differ- 
ent water soluble factors. 


SUMMARY AND CONCLUSIONS 


Studies were made the erythrocyte count, leucocyte count, differ- 
ential count, reticulocytes, hemoglobin concentration, non-protein nitro- 
gen, blood and urine chlorides and water balance the grey chinchilla 
rabbit throughout pregnancy and after treatment with water soluble ex- 
tracts the ovary. During pregnancy the rabbits developed normo- 
slightly macrocytic type anemia, with 20% drop erythro- 
cytes 16.7% drop hemoglobin and 17% drop hematocrit. The 
reticulocytes showed sharp peak the 20th day pregnancy spite 
the increasing severity the anemia. With the onset the anemia, the 
rabbits developed definite water retention. The non-protein nitrogen 
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the blood fell during pregnancy and recovered shortly after parturition. 
The chloride secretion the urine dropped though marked changes 
were noted the blood chlorides. may concluded that the rabbit 
develops anemia pregnancy concomitant with water retention. 
Treatment with the ovarian extract produced definite retention 
water and anemia similar that noted during pregnancy. The minimal 
dose used these studies produced drop 21% the circulating eryth- 
rocytes, 23% drop the hemoglobin, 24% drop the hemocrit, and 
30% drop the nonprotein nitrogen the blood. The animals showed 
marked reticulocytosis and tendency chloride retention. Treatment 
with twice the above amount ovarian extract, produced more severe 
anemia and greater drop the nonprotein nitrogen the blood. Both 
doses induced positive water balance with definite retention water 
spite slight decrease water intake. marked changes appeared 
the serum chlorides. suggested that the anemia may caused 
hemodilution due action the water soluble extract the ovary 


and that the anemia-inducing action the ovarian extract not due 
relaxin. 
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PITUICYTES AND THE ORIGIN THE 
ANTIDIURETIC HORMONE! 


THEODORE LEVEQUE ERNST SCHARRER 


From the Department Anatomy, University Colorado School Medicine, 
Denver, Colorado 


INTRODUCTION 


question the secretory activity the tissue elements the 
pars nervosa and more specifically the pituicytes has been treated 
most authors (Pickford, 1945; O’Connor, 1947; Harris, 1948; Collin 
and Stutinsky, 1949) open one, since the cells the neurohypoph- 
ysis not possess cytological characteristics peculiar gland cells, 
and since past attempts link the production posterior lobe hormones 
microscopically visible changes the pituicytes had failed. Gersh 
(1938, 1939) and Gersh and Brooks (1941), for instance, believed that 
had shown relationship between the state dehydration their experi- 
mental animals and the presence the pituicytes granules which they 
could stain with acid. However, Hickey, Hare and Hare (1941), 
Robertis and Primavesi (1942), and Desclin (1947) were unable con- 
firm these findings. The observations Wang (1938) which have been fre- 
quently cited supporting the concept secretory function the pi- 
tuicytes were based sections stained with the Hortega method which 
not suitable for the study the cytology secretion. 
new approach this problem was suggested the work Barg- 
mann (1949 a,b), Bargmann and Hild (1949), Bargmann, Hild, Ortmann, 
and Schiebler (1950), Ortmann (1950, 1951), Hild (1951 a,b; 1952), 
Kratzsch (1951), Hild and Zetler (1951 a,b; 1952 a,b; 1953 a,b) who 
demonstrated histological and experimental methods the presence 
the neurohypophysis material which can selectively stained with 
chrome-alum hematoxylin and which invariably associated with the 
vasopressor, antidiuretic, and oxytocic hormones. If, Ranson and his 
workers believed (Fisher, Ingram and Ranson, 1938; Ranson, Fisher and 
Ingram, 1938; Magoun, Fisher and Ranson, 1939; Ranson and Magoun, 
1939), the pituicytes are concerned with the elaboration the posterior 
lobe hormones, these elements should implicated the production 
the stainable material. This question has been answered Ortmann (1950, 
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1951), Hild (1951 a,b; 1952) and Kratzsch (1951) who found evidence 
indicate that the pituicytes produce the stainable substance with which 
the posterior lobe hormones are associated. 

However, Pickford (1952) well the investigators who participated 
meeting the Society for Endocrinology devoted the ‘‘Posterior 
Pituitary Gland”’ (Lancet, July 1952, pp. not refer the evi- 
dence offered Ortmann, Hild and Kratzsch, but continue base their 
conclusions the hypothesis Ranson. 

Although feel that the data presented Ortmann, Hild and 
Kratzsch are valid, restudied the problem rats which had been sub- 
jected dehydration both withholding drinking water, and ad- 
ministration salt load. Under such conditions the demand for the an- 
tidiuretic hormone greatly increased, since the animals rapidly use 
effort conserve water (Gilman and Goodman, 1937). The pi- 
tuicytes, they have secretory function, should consequently the 
height their activity animals whose store antidiuretic hormone has 
been depleted dehydration. addition, the pituicytes should more 
clearly visible the neurohypophyses dehydrated animals since the 
pars nervosa animals treated shows marked depletion the stain- 


able material. Any sign secretory activity the part the cells 
should consequently easily discernible. 


MATERIAL AND METHODS 


White rats the Sprague-Dawley and University Denver Strains were dehydrated 
one two ways: Some received drinking water for periods days, others 
were given 2.5% solution sodium chloride instead drinking water for days. The 
period dehydration administration salt had been previously determined sev- 
eral animals one resulting maximum depletion stainable material the posterior 
pituitary. Following the period dehydration, the animals were given free access tap 
water and then sacrificed regular intervals. 

important, Rothballer (1952) has shown, that the rats killed without allow- 
ing them become unduly excited. stress such that brought about pro- 
longed handling the prick hypodermic needle the administration 
anesthetic leads the release antidiuretic hormone within few minutes. Therefore, 
the rats were taken from their cages and immediately transferred jar containing 
chloroform. 

Fixation the tissues was accomplished perfusion through the heart with Zenker- 
Formol. The pituitaries were embedded paraffin, sectioned micra, and stained 
with Gomori’s chrome-alum hematoxylin phloxin (Gomori, 1941; Bargmann, 1949 a,b). 


EXPERIMENTS AND OBSERVATIONS 


The need for water conservation the organism, which occurs 
water deprivation, stimulus for the release the antidiuretic hor- 
mone (Gilman and Goodman, 1937). dehydrated animals, the amount 
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antidiuretic hormone the posterior lobe consequently reduced 
(Hild and Zetler, 1952 b). Histologically, this reduction hormone con- 
tent expresses itself the disappearance substance which stains selec- 
tively blue with Gomori’s chrome hematoxylin-phloxin (Figs. and and 
which the antidiuretic hormone closely bound (Ortmann, 1951; 


Pituitary normal rat. The pars nervosa filled with material staining 
deep blue. Zenker-formol, paraffin, Gomori’s chrome hematoxylin phloxin method, 
photomicrograph. 

Fig. Pituitary rat dehydrated the ingestion 2.5% sodium chloride solu- 
tion for days. The pars nervosa depleted stainable material. Technique and 


Hild and Zetler, 1952 b). The extent which hormone content and stain- 
able material are reduced directly related the severity the dehydra- 
tion. Animals with maximal reduction hormone content the posterior 
lobe show nearly complete depletion the stainable substance. When, 
after reaching this stage, animals are again given the 
stainable material reappears the posterior pituitary (Figs. 5). 
the pituicytes are concerned with the elaboration this material, should 
first become visible these cells. 


Animals deprived drinking water 


Six female Sprague-Dawley rats, months old litter mates, were 


Pars nervosa rat depleted stainable material after days ingestion 
2.5% solution sodium chloride. Vascular perfusion with Zenker-formol, paraffin, 
Gomori’s chrome hematoxyline phloxine, photomicrograph. 

Re-accumulation stainable material the pars nervosa rat which was 
allowed drink tap water for days following days dehydration (2.5% NaCl). 
Technique and magnification Figure 

Further re-accumulation stainable material the pars nervosa rat 
which was allowed drink tap water for days following days dehydration 
(2.5% NaCl). Technique and magnification Figure 
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kept without drinking water for days July. One animal was sacrificed 
the sixth day, the others were given free access water and were killed 
and days after the termination the thirst period. 

Six female Sprague-Dawley rats about the same age, but not litter 
mates, were deprived water for days August. Two animals died 
the 13th day, third was killed. The survivors were given water and 
were then fixed perfusion with Zenker-formol and days after they 
had again received drinking water. The sixth rat did not recover and died. 

Nine female rats the University Denver strain which were 
about the same age but not litter mates, were deprived drinking water 
for days September. Only three animals survived, which were 
killed one and two days after having been given water drink. 

previously reported (Scharrer, 1952), none these animals did the 
pituicytes sections stained with the Gomori technique show the faintest 
granule. The stainable substance did reappear animals who received 
drinking water after period thirst, but there was sign that the pi- 
tuicytes produced it. 

have observed, however, that dehydration produced the with- 
holding drinking water not suitable method depleting the 
posterior pituitary its antidiuretic hormone and stainable substance 
that produced the administration hypertonic saline. During pro- 
longed thirst, the animals refuse eat and their eyes, nose, and paws be- 
come hemorrhagic. There also much variation the tolerance indi- 
vidual animals the experimental procedure depending upon the moisture 
content the air, the climate, and the time the year which the ani- 
mals are subjected dehydration. Thus, the degree depletion the 
pars nervosa cannot gaged accurately thirsted animals those 
which are given salt solutions known concentrations. the latter 
method depletion the rats continue eat, although they may 
lesser degree, and they show fewer signs acute distress during experi- 
mental period days. Except for very isolated cases, the depletion 
the posterior pituitary can accomplished without the loss any experi- 
mental animals. Consequently, the following sets experiments were 
carried out. 


Animals given 2.5% solution sodium chloride instead drinking 
water 


Five young adult mates, the Sprague-Dawley strain 
were used order substantiate further earlier findings which indicated 
that after days administration 2.5% solution sodium chloride 
the depletion the substance stainable with chrome-alum hematoxylin 
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usually complete. study microscopic sections the pituitaries 
these animals revealed sign activity the part the 

Six adult rats, litter mates, the Sprague-Dawley strain were sub- 
jected saline dehydration for period days after which time they 
were again allowed tap water. One rat was sacrificed the first day, 
rats the second day, the third day, and the fourth day follow- 
ing reinstitution tap water the diet. 

Eight adult rats, litter mates, the Sprague-Dawley strain were 
subjected the same experimental procedure described 2b. Two rats 
were perfused with Zenker-formol the fourth day, the fifth day, 
the sixth day, and the ninth day following the period dehydra- 
tion. 

Upon substitution water for the hypertonic saline progressive re- 
accumulation secretory material was noted the pars nervosa (Figs. 
5). The first few days following the period dehydration might 
considered crucial with respect the activity the pituicytes. 
time were intracellular granules stainable with Gomori’s chrome hema- 


toxylin seen any these cells (Fig. 6). Rather, the stainable material 


Cells the pars nervosa rat which had been kept without drinking water 
for days. There indication that these cells elaborate any material stainable with 


chrome hematoxylin. Vascular perfusion with Zenker-formol, paraffin, 5u, Gomori’s 
chrome hematoxylin phloxin. 


Chambers (1945), Selye (1950), Ortmann (1951) and Hild (1951 have reported the 
occurrence numerous mitoses the neural lobes dehydrated rats and frogs. The 
significance these mitoses not clear. They not occur water starved dogs 
(Personal communication Dr. Hild). 
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can first seen accumulate the perivascular areas which Vazquez- 
Lopez (1942) described clear spaces and which the fibers the hypo- 
thalamo-hypophysial tract terminate. 


DISCUSSION 


The explanation the mechanisms operating the clinical entity 
known diabetes insipidus proposed Ranson and his coworkers 
based part the presumed innervation pituicytes nerve fibers 
derived from hypothalamic nuclei, and part the premise that the 
pituicytes elaborate the pharmaco-dynamic factors obtainable from the 
neurohypophysis. This interpretation still held many workers the 
field (Holzer and 1949; Noble, Plunkett and Taylor, 1950; 
Harris, 1951; Pickford, 1952), although there ample evidence the 
effect that the hormones the posterior lobe are the products neuro- 
secretory cells the hypothalamus. feel, therefore, that clarification 
the role the tissue elements the elaboration the hormones at- 
tributed this part the pituitary importance. 

Ranson and his coworkers believed that the cells producing the antidi- 
uretic hormone could longer function when deprived nervous im- 
pulses originating the nucleus supraopticus and probably also the 
nucleus paraventricularis. However, Mahoney (1936), Mahoney 
and Sheehan (1936), and Keller (1942) showed that diabetes insipidus 
does not necessarily result from interruption the tractus supraoptico- 
hypophyseus. According these authors, only lesions the immediate 
vicinity the supraoptic nucleus, cause permanent diuresis; section the 
pituitary stalk halfway between hypothalamus and not fol- 
lowed more than temporary disturbance the excretion water. 
Another aspect concerns the observation Rasmussen (1938) who pointed 
out that there are many more fibers the tractus supraoptico-hypophys- 
eus than would necessary innervate the cells the neurohypophy- 
sis. Furthermore, only some the investigators were able demonstrate 
actual contact between nerve fibers and pituicytes (Brooks and Gersh, 
1938; Roussy and Mosinger, 1940; Tavares Sousa, 1943; Romieu and 
Stahl, 1950). Others state that the pituicytes not receive nerve termi- 
nals from the tractus supraoptico-hypophyseus (Hair, 1938; Rasmussen, 
1938; Romeis, 1940; Vazquez-Lopez, 1942; Green 1948). Actually, Vaz- 
quez-Lopez (1942), Hagen (1950) and Stotler (1952) have shown that 
many fibers end the blood vessels the posterior pituitary. These 
fibers not innervate the vessels, but store neurosecretory material 
which contains the posterior lobe hormones (Bodian, 1951; Hild, 1952). 
Consequently, there little any basis for the assumption that the pitui- 
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cytes are stimulated nervous impulses originating the nucleus supra- 
opticus paraventricularis and that such stimulation causes the pitui- 
cytes produce the posterior lobe hormones. 

the second premise Ranson, little attention had been paid the 
past the pars nervosa possible site secretory activity, especially 
since Herring (1908) had presumably established that the hormones found 
the posterior pituitary are secreted cells the pars intermedia which 
migrate into the pars nervosa. Cushing (1933, 541) emphatically stated, 
that “‘it conceivable that the neural core the lobe capable 
independently elaborating and subscribed the theory that 
the active principles found the posterior pituitary are derived from the 
investing pars intermedia. the other hand, Biggart (1935, 1936) pre- 
ferred the cells the pars tuberalis the site hormone production. 
Recently, Biichner (1950) revived the views Herring and Cushing and 
combined them with the theory Ranson, suggesting that the baso- 
phils the pars intermedia migrate into the neurohypophysis and become 
subject the nervous control the nucleus supraopticus via the tractus 
supraoptico-hypophyseus. Viewed this way the function the posterior 
lobe the pituitary becomes indeed the most difficult problems 
the biology the endocrine (Biichner, 414). was not until 
Bucy (1930, 1932) singled out the glia cells the pituitary giving 
them special name that the possibility secretory ac- 
tivity the tissue elements the pars nervosa was given serious consid- 
eration. According Vazquez-Lopez (1942) and Collin and Stutinsky 
(1949) the term is, however, not justified. only the 
pituitary which Bucy happened study, that these cells differ somewhat 
their shape from astrocytes oligodendroglia. the horse Vazquez- 
Lopez found features that would distinguish the glia cells the neuro- 
hypophysis from those other parts the central nervous system. The 
same seems hold true for the cat and the dog (Sanz 1934). Spatz 
(1951) considers the incompletely differentiated glia cells. 
the other hand, Shanklin (1944) states the following with respect the 
pituitary the pig: marked similarity between the developing 
stages the pituicytes and astrocytes. Each originates from supportive 
spongioblasts and may pass through bipolar, unipolar and multipolar 
stages. Like astrocytes they have vascular processes and foot plates. Pi- 
tuicytes differ from astrocytes, oligodendroglia and microglia for they have 
many connections between one another whereas the others 
the. human neurohypophysis various types pituicytes have been de- 
scribed (Romeis, 1940). 

However, the question the shape these cells has little any rela- 
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tionship the problem under discussion here. Even type glia cell 
the kind described Bucy were occur generally the mammalian 
neurohypophysis, has never been made clear why secretory function 
should attributed these cells. The possibility that glia elements 


HYPOTHALAMUS HYPOTHALAMUS 


NEURO- 
HYPOPHYSIS HYPOPHYSIS 


representation two concepts concerning the site origin 
and the mode release the posterior lobe hormones. The currently held view, based 
mainly the investigations Ranson and his coworkers, assumes that cells the 
neurohypophysis elaborate and release the posterior lobe hormones under nervous con- 
trol exerted hypothalamic nuclei. Newer evidence indicates that the posterior lobe 
hormones are associated with the neurosecretory material produced nerve cells the 
hypothalamus; this material passes along the nerve fibers into the neurohypophysis 
where stored until released into the circulation. 


general are potential sources hormones cannot excluded 
1913; Griffith, 1940), but present experimental evidence available 
support such hypothesis. the particular case the cells the neuro- 
hypophysis, our findings addition those Hild, Ortmann and 
Kratzsch would seem constitute convincing evidence show that these 
cells not produce the hormones obtainable from the posterior lobe. 
Since, then, can longer maintained that the supraoptic and para- 
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ventricular nuclei innervate hormone-producing cells the neurohypoph- 
ysis, the theory Ranson should replaced the concept the 
neurosecretory origin the posterior lobe hormones (Fig. 7). According 
this concept the nerve cells the and paraventricular nuclei 
produce the posterior lobe hormones which pass along the fibers the 
tractus supraoptico-hypophyseus attain the neurohypophysis. They are 
stored there the nerve from which they are released into the 
blood vessels. 


SUMMARY 


The role the pars nervosa the pituitary, and more specifically the 
pituicytes the secretion the antidiuretic hormone, was reexamined. 

The antidiuretic hormone occurs the and paraventricular 
nuclei the hypothalamus, the fibers the tractus 
physeus, and the neurohypophysis association with material which 
stains selectively with Gomori’s chrome hematoxylin phloxin method 
(Hild and Zetler, 1951 a,b; 1952 a,b; 1953 a,b). the pituicytes play 
role the elaboration the antidiuretic hormone, they should active 
secreting this stainable material animals which had been dehydrated 
both the withholding drinking water and the administration 
sodium chloride known concentrations. was found, however, that the 
pituicytes have part the elaboration the stainable material and 
consequently the antidiuretic hormone. 

critical analysis the evidence which Ranson’s theory the func- 
tion the posterior pituitary was based, leads one the conclusion that 
this theory should abandoned favor the concept the neurosecre- 
tory origin the antidiuretic hormone. 
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THE VIVO METABOLISM 


SHLOMO BURSTEIN, KENNETH SAVARD 
AND RALPH DORFMAN 
From the Worcester Foundation for Experimental Biology, Shrewsbury, Mass., and the 
Departments Biochemistry and Medicine, Boston University School Medicine, 
Boston, Massachusetts 


application paper chromatography and infra-red spectrometry 

has permitted the isolation and identification the major C-21 and 
C-19 metabolites excreted urine, following the administration ad- 
renosterone (Savard al., 1953) hydrocortisone and 21-desoxycortisone 
(Burstein al., 1953). has been shown that the C-21 steroids are re- 
duced the human body the pregnane (58) and transformed the 
corresponding C-19 etiocholane (58) derivatives. the other hand, the 
keto system adrenosterone converted predominantly into deriva- 
tives the androstane (5a) series, which indicates that the ethyl side 
chain position these steroids appears direct the reduction the 
double bond the form vivo. 

The vivo metabolism cortisone has been described Dobriner 
al. (1950, 1951) and Lieberman al. (1951). However, details were 
given the relative quantities the metabolites excreted. 

view the importance cortisone endocrinological research and 
therapeutics, the study the metabolism orally administered corti- 
sone acetate normal man has been undertaken. The present paper 
demonstrates the conversion cortisone: 
11,20-dione and pregnane-3a,118,17a,21-tetrol-20-one; hydrocorti- 
sone, and 17-ketosteroids the etiocholane (58) configuration bear- 
ing oxygen function carbon 11. 


METHODS 


year old male patient who had been successfully treated for hepatitis months 
previously was used this study when his clinical picture was normal.? oral dose 
500 mg. cortisone acetate* was administered daily for days. 


Received for publication December 22, 1952. 
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Steroid isolations were performed on.a urine sample which represented 1.8 gm. the 
administered cortisone acetate. 24-hour urine collection just prior the cortisone 
treatment served control. The steroid conjugates were hydrolyzed, and the ketonic 
extracts chromatographed paper the manner previously described (Burstein al., 
1953). The isolated steroids were identified chromatographic mobility paper, melt- 
ing points, and infra-red analyses. are indebted Dr. Harris Rosenkrantz for the 
valuable interpretation the infra-red spectra. The melting points were determined 
the Kofler Micro Hot Stage melting point apparatus, and are recorded uncorrected. 


EXPERIMENTAL AND RESULTS 


Control Urine: The corticosteroid fraction (which stayed the starting 
line following chromatography the toluene-propylene glycol (T.-P.G.) 
system for hours) the material the hour control urine 
contained 1.2 mg. formaldehydogenic steroid. The quantities the 
17-ketosteroids contained the zones having the mobility the order 
(0.5 mg.) were insufficient for crystallization and infra-red spectrometry. 
(5.2 mg.) and androsterone mg.) were isolated crude form and identi- 
fied their infra-red spectra. 

Cortisone administration urine: The results obtained with the cortisone 
urine are listed Table the ring saturated corticosteroid fraction, 
which was rechromatographed chloroform-formamide system (Schin- 
dler and Reichstein, 1951), pregnane-3a,118,17a,21-tetrol-20-one and preg- 


TABLE ISOLATION STEROIDS FROM CORTISONE URINE 


nats isolated steroid | 
Come | System Hrs. fo dist. - Compound Identifying characteristics 
start- 
| ing line em Crude, Crystal, 
5 mg. mg. 
1-1 Ch.-F.* 12 5.5- 8.5 4.6 Pregnane-3a,118,17a,21-tetrol- Mobility § 
20-one 
1-1 | L.-P.G.t 52 3.2- 5.8 2.0 1.9 | Pregnane-3a,118,17a,21-tetrol- M.P. 208-215°; Mobility; Infra-red 
acet- 20-one-3a,21-diacetate spectrum 
Ch.-F. 12 12.5-17.2 44 18 M.P. 194-198°; Infra-red spectrum 
| | lone 
10 | T.P.Gt 72 5.0- 8.1 5 Hydrocortisone Mobility ; Infra-red spectrum 
1-IV T.-P.G. 72 9.0-12.0 1.1 Unknown Bluc-tetrazolium reducing; absorp- 
| tion max.—240 mu. 
1-V TPG. | 7 13.2-16.0 2.1 Cortisone Mobility; Infra-red spectrum 
1-VI T.-P.G. 72 23.0-27.0 0.7 Unknown Blu--tetrazolium reducing; absorp- 
| tion max. 240 mu & 295 mu. 
2-1 L.-P.G. 96 1.5- 3.0 11.3 4.3. | Etiocholane-3a,118-diol-17-one | M.P. 232-36°; Infra-red spectrum 
2-II L.-P.G. 72 6.0-12.0 9.0 3.2 Etiocholane-3a,ol-11,17-dione M.P. 180-82°; Infra-red spectrum 
3-I, | L-P.G. 24 12.5-18.0 6.3 A9-Etiochol n2-3a-ol-17-one | Mobility; Infra-red spectrum 
| L-P.G. | 24 23.7-29.0 4.4 


A9-Androstene-3a-ol-17-one | Mobility; Infra-red spectrum 


* Chloroform-Formamide. 

+ Ligroin-Propylene-Glycol. 

t Toluene-Propylene-Glycol. 

§ Possessing the mobility of the order of the respective compound. 


nane-3a,17a,21-triol-11,20-dione were obtained. The latter steroid was 
directly but the former steroid was acetylated and rechroma- 
tographed the ligroin-propylene glycol (L.-P.G.) system (52 hours). 
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Both pregnane compounds were identified their infra-red spectra. 
the fraction, hydrocortisone and cortisone were 
found and identified their chromatographic mobility paper and infra- 
red spectra. The hydrocortisone gave strong greenish fluorescence 
sulfuric acid and fluorescence was obtained with the isolated cortisone. 
Two other blue tetrazolium reducing compounds were observed the 
chromatogram. One was located between the hydrocortisone and cortisone 
zones (Zone 1-IV) and the second occurred immediately ahead the cor- 
tisone zone (Zone The quantity these substances was insufficient 
for further identification. 

Among the 17-ketosteroids, (from Zone 
etiocholane-3a-ol-11,17-dione (from Zone 2-IT), 
ol-17-one (from Zone and (from Zone 
were isolated and identified their mobilities, melting points and 
infra-red spectra (Table 1). Neither etiocholane-3a-ol-17-one nor andros- 
terone were found the cortisone urine, although significant quantities 
these steroids were excreted during the control period (Table 2). 


TABLE 2. STEROID ISOLATION IN CORTISONE METABOLISM STUDY 


Quantity isolated (crude) 
mg. 


Steroid 
Cortisone 
urine 


Control! 
urine 


one-3a,21-diacetate 


Hydrocortisone 
Cortisone 


absent 17.6 (0.98%) 


and 


3.0 


Etiocholane-3a-ol-11, 17-dione 2.5 9.0 (0.5%) 
Etiocholane-3a-ol-17-one 26.0 absent 
Androsterone 15.0 absent 


Values given are corrected the equivalent urine collection the cortisone ad- 
period; calculations are based the maximum amounts crude material 
ound. 
This value was determined the method the corticosteroid 
raction. 

The percentages parentheses are the conversion estimates the administered corti- 
sone equivalent the urine available this study (1.8 gm.). 


DISCUSSION 


The steroids isolated from both control and cortisone administration 
urines are listed Table 
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Similar the results obtained the hydrocortisone study (Burstein 
al., 1953), pregnane-3a,17a,21-triol-11,20-dione constituted the major 
steroid found the corticosteroid fraction. Only small quantity 
pregnane-3a,118,17a,21-tetrol-20-one was obtained. The conversion 
cortisone hydrocortisone occurred the extent 0.28 per cent. 
similar study Mason (1950) has indicated that hydrocortisone may 
present following cortisone administration. The quantity the excreted 
cortisone the present study the same order magnitude that 
the excreted hydrocortisone. This finding similar that which has been 
obtained following the administration hydrocortisone (Burstein al., 
1953). The pattern the urinary corticosteroids excreted the same 
whether cortisone hydrocortisone orally administered. The conversion 
cortisone etiocholane-3a, (the major 17-ketosteroid) 
and etiocholane-3a-ol-11,17-dione occurs lesser degree than the cor- 
responding conversions following hydrocortisone administration (Burstein 
al., 1953). the other hand, the extent the conversion cortisone 
the pregnane derivatives appears larger than the corresponding con- 
version hydrocortisone these metabolites. During the cortisone ad- 
ministration period only slight increase and 
its dehydration product was found. The dif- 
ference between control and experimental urines was slight that 
questionable whether cortisone actually degraded the human body 
this 17-ketosteroid. 

Although etiocholane-3a-ol-17-one and androsterone were isolated from 
the control urine, these steroids were not found the cortisone urine. 
This finding accord with our studies the influence the excretion 
these two 17-ketosteroids high dosages hydrocortisone (Burstein 
al., 1953). 

which was isolated following corti- 


sone and ACTH treatment Lieberman al. (1951) was not found 
the present study. 


SUMMARY 


total 2.5 gm. cortisone acetate has been administered 
man. 

The following metabolites have been isolated and identified: preg- 
nane-3a,118,17a,21-tetrol-20-one the diacetate, pregnane-3a,17a,21- 
triol-11,20-dione, hydrocortisone, cortisone, 
one, and etiocholane-3a-ol-11,17-dione. 

definitive evidence could found for the conversion cortisone 
118-hydroxyandrosterone. 
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and androsterone which were present the 
control urine significant quantities, were completely absent from the 
urine following cortisone administration. 


ADDENDUM 


recent publication Burton, Keutmann, Waterhouse (J. Clin. 
Endocrinol. Metabolism 13: 48. 1953), cortisone, hydrocortisone, preg- 
nane-3a,17a,21-triol-11,20-dione 
tetrol-20-one were identified paper chromatographic methods, following 
the parenteral administration cortisone. 
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THE EFFECT ADRENALECTOMY, SURGICAL TRAUMA, 
AND ETHER ANESTHESIA UPON THE CAPILLARY 
RESISTANCE THE ALBINO RAT* 


JENO KRAMAR MARGARETE SIMAY-KRAMAR 


From the Department Pediatrics, The Creighton University School Medicine, 
Omaha, Nebraska 


APILLARY leakage associated with widespread vascular dilatation 

has long been considered typical change after adrenalectomy. 
The regular finding hemoconcentration (Athanasiu and Gradinesco, 
1909) and increased protein the lymph (Cope, Brenizer and Polder- 
man, 1942), and furthermore the observation that spreading intrader- 
mally injected India ink augmented after adrenalectomy the mouse 
(Opsahl, 1949), have been regarded evidence for the increased capillary 
permeability. That adrenalectomy may affect the capillary 
well was shown recently Eichholz, Staab and Taugner (1951). Studying 
the blood pressure and the capillary resistance rats during the first 
two weeks following adrenalectomy these authors found decrease 
est that the change the capillary resistance preceded the fall the blood 
pressure days, and that both, hypotension and decreased resistance, 
could promptly restored administration saline and Percorten (des- 
oxycorticosterone glucoside aqueous suspension). 

While total removal the adrenal glands followed administration 
cortical extract isolated hormones may give information concerning 
the role this organ the maintenance the capillary integrity, 
likewise possible that any change that may found following this pro- 
cedure may due not only the absence the adrenal glands but also 
the surgical trauma itself even the anesthetic. For this reason dis- 
tinction should made between early and late postoperative periods, the 
borderline between them being the time when the effects the non- 
specific factors become minimal absent. the early period, addition, 
there fundamental disturbance all functions the organism with 
considerable vascular dilatation and capillary stasis but—in the rat pro- 
vided with increased salt supplement—compensatory readjustment 
soon occurs. This late postoperative state more suitable for study 
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any partial function the body well for the testing cortical extracts 
corticoids than the early period. 

The present work the effect adrenalectomy upon the capillary re- 
sistance was therefore preceded study the non-specific effect 
surgical trauma and anesthesia. The effect adrenalectomy itself was 
studied during period 2-8 months. 


METHOD AND PROCEDURE 


Mature albino rats the Sprague-Dawley strain and both sexes with average 
weight 250 gm. and fed Purina Dog Chow were used. Twenty-four animals were 
adrenalectomized, were subjected sham adrenalectomy and ether anesthesia 
without surgical trauma. Deep ether anesthesia was given for minutes. The adrenal- 
ectomy well the sham operation took minutes. The length incisions through 
skin and dorsal musculature well the number stitches applied were standardized. 
order render the non-specific effects conspicuous these procedures were deliberately 
made more protracted and circumstantial manner. the sham operation the ad- 
renals were exposed—but not touched. Adrenalectomized rats were given 
drinking water. addition groups rats, each consisting animals, were subjected 
the same procedures (ether anesthesia, sham operation, adrenalectomy) with the 
purpose studying the effect ACTH and the corticoids. The animals receiving only 
ether anesthesia and those with sham operation were primed with the hormones before 
the respective intervention and for certain period following it. The adrenalectomized 
rats were treated with the hormones the late postoperative state. 

The device used these experiments for testing the capillary resistance consisted 
vacuum jar which was connected electrically powered suction pump one direc- 
tion and small plastic bell (of inner diameter mm.) with stopcock the 
other direction. Degree suction was measured intercalated mercury manometer. 
The skin the abdomen the animals was prepared electric hair clipper but 
was not shaved. Shaving, our experience, may irritate the skin and give rise errone- 
ous readings. thin layer liquid petrolatum applied the skin before the testing pro- 
vided good surface for the suction cup cling and also facilitated viewing the 
small petechiae. Suction was employed for seconds. The least negative pressure given 
Hg. still capable producing hemorrhage was considered the value the 
capillary resistance. was found that spasm the precapillaries may lead falsely 
high readings and thus interfere with the accuracy the test, much was taken 
avoid least recognize this condition. For this reason holding the animal the 
palm the glove hand was preferred, whenever possible, restraining tieing 
down the board. 

About one hundred healthy, untreated animals different age levels have been tested 
for period over one year order determine the normal variation the capillary 
resistance. was found range rather widely. The resistance was considered highest 
when bleeding occurred even with suction (the average barometer reading 
Omaha approximately 730 mm.). was then marked >70 cm. Healthy, well de- 
veloped immature animals may show such high resistance, the values being above 
Fully developed rats, sometimes all members the same litter, may disclose lower 
resistance (between and and apparently healthy animals may occasionally 
found with exceptionally low levels (35-39 Though each animal tends maintain 
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its individual level during several months observation with fluctuation not exceed- 
ing general tendency gradual decrease with advancing age noticeable. 
capillary resistance under considered definitely pathologic. Values 
35-27 are looked upon borderline. Thus the following arbitrary classification 
the capillary resistance was found useful. 


High >70-61 
Normal Medium 
Low 45-35 
Intermediate 34-27 
Pathologic Moderately decreased 26-11 
Very low 


The wide range normalcy appeared rather enigmatic first; its meaning, how- 
ever, soon became evident the course this study. 


RESULTS 


Figure shows typical patterns capillary resistance change following 
the three types intervention. 


LEGEND 


ADRENALECTOMY 
ADRENALECTOMY 


INTERVENTION 


200 220 DAYS 


Typical change the capillary resistance the rat following ether anesthesia, 
surgical trauma (sham adrenalectomy) and adrenalectomy. Change the capillary re- 
sistance after adrenalectomy rat with accessory adrenal tissue shows significant 
difference compared sham adrenalectomy. 


C.R. 
! | 1 \/ 
4 4 \ 
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Ether anesthesia. There isno change during the first days although 
tendency for the resistance increase may often noticeable. Between 
the fourth and the 12th day more less rapid decrease ensues and the 
resistance remains pathologic levels for days, whereafter grad- 
ually rises and finally returns its original value. The entire phenomenon, 
which may termed occupies not more than weeks. 
other pathologic signs were observed during this entire period capil- 
lary derangement. Wide individual variations were noted onset, degree 
and duration this three out animals the capillary re- 
sistance did not fall lower than the intermediate zone and two strong 
male rats the crisis was entirely missed. 

Surgical trauma (sham adrenalectomy). Here the typical crisis more 
conspicuous than the previous (ether control) experiments. Without 
exception the resistance began decrease after the fourth day and then 
dropped rather abrupt manner and remained pathologically low 
levels for longer period time than the ether controls (14 days 
the average). Recuperation was likewise more prolonged. The entire cycle 
took about one month. The critical drop the resistance was sometimes 
preceded transient rise. The animals responded more uniform 
and marked way than when anesthesia was given without surgical trauma, 
although considerable individual variation the capacity restoring the 
resistance was commonly noted. During the first few postoperative days 
the animals were rather lively. Many them, though not all, showed 
signs general malaise and weakness during the second and third post- 
operative weeks. They did not eat well, became careless about their fur 
and their weight curves flattened. Some them developed scattered 
small plaques. 

Adrenalectomy. Being thus familiar with the response the rats an- 
esthesia and surgical trauma, the effect adrenalectomy was next studied. 
Twenty-four animals were adrenalectomized deep ether anesthesia 
using the standardized technic employed the sham operation. Four 
them died the first days following operation, died within two 
months, survived for more than three months. two the rats 
was found that removal the adrenals was not complete, two other rats 
adrenal tissue was revealed. The curve the capillary resistance 
these latter four animals was essentially the same that seen after 
sham operation, though the restoration was more protracted. Figure 
represents the behavior the capillary resitance one the two animals 
with accessory tissue. The remaining rats (the that died within the 
first postoperative days are not considered here) showed uniform pattern 
that was entirely different and believed characteristic the ab- 
sence the adrenals (Fig. 1.) The resistance decreased precipitously after 


| 


April, ADRENALECTOMY AND CAPILLARY RESISTANCE 457 


the second day following removal the glands and became, without ex- 
ception, definitely pathologic after the 5th day contrast the more pro- 
tracted slope the curves shown some the sham operated animals. 
The essential difference, however, lies the fact that whereas after sham 
operation the resistance returns previous levels, remained perma- 
nently low after adrenalectomy. The capillary resistance several animals 
has been followed for months after adrenalectomy and found 

The effect ACTH and Corticoids upon the pathologically low capillary 
resistance following adrenalectomy. The late postoperative period (2-8 
months after operation), which the animals are relatively balanced 


150 170 180 DAYS 


Effect cortisone, DOCA and ACTH the capillary resistance 
adrenalectomized rat the late postoperative period. 


condition, having permanently low capillary resistance, seemed very 
suitable for checking hormonal effects. Figure leaves doubt about the 
effectiveness contrast, DOCA high doses administered 
aqueous? medium subcutaneously intramuscularly was en- 
tirely ineffective. The slight rise the curve occurring some animals was 


hydroxycorticosterone (Cortone acetate, Merck). 
Desoxycorticosterone acetate aqueous macrosuspension (Bell Pharm. Co.). 
Desoxycorticosterone acetate sesame oil (Cortate, Schering). 


DOCA ACTH 
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due edema the skin caused the huge doses DOCA. 
likewise showed effect. 

The effect ACTH and Corticoids upon the capillary crisis elicited 
surgical trauma and ether anesthesia normal (non-adrenalectomized) 
animals. Figures and show clearly evidence that cortisone able pre- 
vent the capillary crisis occuring after surgical trauma ether anesthesia. 
All treated animals showed high normal resistance during the entire pe- 
riod two weeks during which the capillary crisis might have been ex- 


LEGEND 
: 2.5 mg daily 
ACTH 
= 25 mg daily 
DOCA 
4 20mg daily 


= SHAM ADRENALECTOMY 


DAYS 


Effect cortisone, DOCA and ACTH the “capillary due surgical 
trauma. DOCA and ACTH were unable prevent the crisis while cortisone was fully 
effective. Withdrawal was followed typical capillary 


pected. contrast all the animals primed with ACTH DOCA disclosed 
the usual capillary response, i.e., these substances were unable prevent 
the crisis. When, however, cortisone was withdrawn from the sham oper- 
ated animals time when the resistance the matched animals treated 
with ACTH DOCA already returned normal—a typical crisis set in. 
case anesthesia alone the resistance remained within normal values 


Lyophilized adrenocorticotropic hormone (ACTHAR, Armour Lab.). 


x” 
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after cortisone was discontinued. However, there was small indentation 
the curve suggesting rudimentary form crisis. 


Effect cortisone, DOCA and ACTH the capillary crisis elicited ether 
anesthesia. these experiments the rats were kept atmosphere containing vol. 
ether for minutes. Cortisone was fully effective preventing the capillary crisis 
whereas DOCA and ACTH failed so. Rudimentary form capillary 


after withdrawal cortisone. 
DISCUSSION 


The behavior the capillary resistance after adrenalectomy studied 

long range experiment several months’ duration definitely suggests 
that the maintenance the normal capillary resistance function the 

cortex. Administration ACTH, cortisone, and DOCA the 
late postoperative phase seem indicate that cortisone involved this 

function. Eichholz al. (1951), mentioned above, attribute the same 


role DOCA. 
The present study had already been completed when the paper Eich- 
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holz al. became available us. Thus without repeating their experi- 
ments can only stated that DOCA was found ineffective under our 
experimental conditons. presumed that the explanation for this 


discrepancy may found among the following factors. 


Observation made period 

Duration observation 

Range capillary resistance 
tested 


al. 
early postoperative 
two weeks 
cm. (Within Nor- 
mal zone) 


Authors 
late postoperative 
months 
cm. (including In- 
termediate and Pathologic 


zones 

Constant oral supply during 
entire period observa- 
tion 

tate aqueous macrosus- 
pension (Bell Pharm Co.); 
sesame oil (Cortate, 
Schering) 


Administration NaCl parenterally (mostly) with 
DOCA whenever was 
tested 

Percorten, aqueous (desoxy- 
corticosterone glucoside) 


Preparation used 


Since the early observation Leriche upon the post-opératoire”’ 
and its recognition pathologic entity (an example the alarm reac- 
tion Selye) the systemic changes caused traumatic injury have been 
the subject considerable interest and innumerable studies. Nevertheless 
little known about the behavior the capillaries this condition and 
the available data are, addition, rather conflicting. the one side there 
stands the still debated question whether not traumatic shock may 
produce capillary leakage distance from the site the injury (pro: 
Selye, contra: McMichael, 1945; Nobel and Gregersen, 1946)—on the 
other side the observation Cole, Shaw and Fraser (1950) suggesting that 
trauma may lead decrease the permeability. Concerning capillary 
resistance only two data are available (Ungar, 1944; al., 1950). 
both indicating increase after tissue damage. reference whatsoever 
could found this relation concerning ether anesthesia. 

view these data the literature the capillary crisis found our 
experiments after relatively minor injuries such sham adrenalectomy 
anesthesia seemed rather enigmatic first glance. When one compares 
these curves, however, with those the adrenalectomized animals and 
considers the effect cortisone all these conditions, these findings be- 
come more comprehensible. 

the adrenal cortex governs the capillary resistance and cortisone 
mediator this function, the critical drop the capillary resistance fol- 
lowing stress and the period low resistance that ensues thereafter must 
necessarily mean either that the stimulating effect the pituitary upon 
the adrenal was lacking during this time that the adrenals were not re- 
sponsive. ACTH failed prevent the capillary crisis (note: The ani- 
mals were not adrenalectomized) whereas cortisone was fully effective the 
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second possibility must thought of. Since known that the demand 
the organism for corticoids increased during stress the explanation 
may offered that this unresponsiveness the adrenal and, hand hand 
with it, the capillary crisis, are expressions transient hypofunction 
depletion. (The term deliberately avoided prevent con- 
fusion with Selye’s concept “‘state exhaustion.”’) 

Details analysis this remarkable condition will soon pub- 
lished the basis studies that have been made with various other forms 
stress. The phenomenon the ‘‘secondary capillary occurring 
after discontinuance cortisone animals which the primary crisis due 
stress was prevented will also the subject special study. 


SUMMARY 


The change the capillary resistance the albino rat following ad- 
renalectomy was studied for period months. order rule out 
the possible effects surgical trauma and anesthesia (factors necessarily 
involved with the adrenalectomy) upon the capillary resistance, some 
groups rats were sham operated ether anesthesia subjected the 
anesthesia alone. 

After sham adrenalectomy the capillary resistance changed typical 
way showing pattern with successive phases: (1) more less pro- 
nounced increase the first days; (2) critical drop the end the first 
the course the second week; (3) state pathologically low re- 
sistance lasting about two weeks; (4) period recuperation. The entire 
phenomenon—it may termed “capillary about one 
month. Though individual variations were often noticed, the whole, 
the response the animals was remarkably uniform. 

Following ether anesthesia the same pattern was observed, mostly 
somewhat telescoped and less conspicuous form. Individual variations 
were more common. 

After adrenalectomy only the second and third phases the above pat- 
tern were seen, i.e., the initial rise was absent and the capillary resistance 
remained low levels during the entire period observation (up 
months). the presence accessory adrenal tissue the animals re- 
sponded the same way after sham operation, although restoration 
was more protracted. 

Since the first phase the capillary crisis (initial rise the resistance 
before its critical drop) the sham operated merely anesthetized ani- 
mals may often absent easily missed, obvious that during the 
first weeks following operation there significant difference be- 
tween adrenalectomized and sham operated animals far capillary 
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resistance concerned. view this observation well the possi- 
bility that hemodynamic changes ensuing during the first weeks after re- 
moval the gland may also influence the capillary integrity, must in- 
ferred that the late postoperative period is, fact, more suitable that the 
early period for study the effect adrenalectomy upon the capillary 
resistance well for testing hormonal other preparations. 

study this late postoperative period showed that cortisone able 
restore the capillary resistance promptly. ACTH and DOCA (both 
aqueous and oily) were found ineffective. Cortisone given sham oper- 
ated merely anesthetized animals before the procedures prevented the 
crisis. DOCA and ACTH failed so. 

These findings suggest that the adrenal cortex intimately connected 
with the resistance the capillaries and that cortisone seems in- 
volved this function. 

The explanation offered that the found after surgical 
trauma anesthesia may expression transient hypofunction 
depletion the adrenal cortex. 
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THE EFFECTS ANDROGEN AND ESTROGEN 
CASTRATED AND HYPOPHYSECTOMIZED MICE 


From the Departments Surgery and Physiology, University Minnesota 


INTRODUCTION 


STROGEN-ANDROGEN antagonism may defined the sup- 
pression modification the effect one hormone end- 
organ tissue the opposite sex hormone. The phenomenon has beeu 
demonstrated many experiments (review, Burrows, 1949), but not 
clear what extent antagonism occurs the site action the end- 
organ, what extent brought about through changes 
pituitary gonadal function. The experiments Moore and Price (1932) 
seemed indicate that estrogen-androgen antagonism existed except 
mediated through the influence the gonadal hormones pituitary 
function. Martin (1951), the other hand, has stated that 
estrogen-androgen antagonism probably holds for any tissue affected 
either hormone, and that inhibitions are due direct action 
the tissues. 

The present study was designed indicate the extent estrogen-andro- 
gen antagonism occurring animals from which pituitary and gonadal 


influences were eliminated, constant dose level the two sex hor- 
mones. 


METHODS 


total 160 strain mice were used the experiment. The animals were 
singly housed, and water and Purina Fox Chow were provided libitum. Hypophysec- 
tomy the method Thomas (1938), and castration were performed 140 the 
mice. Completeness hypophysectomy was evidenced continuing loss weight 
every animal used the experiment, absence visible pituitary tissue examination 
with dissection microscope post-mortem, and absence recognizable pituitary tissue 
serial sections the decalcified sella turcica representative animals. 

Injected hormones included diethylstilbestrol, and testosterone propio- 
nate, hereafter referred estradiol, stilbestrol, and testosterone, respectively. The 
total daily hormone dose was injected subcutaneously 0.03 ml. oil, one 
locations varied regular rotation. 

The mice were months old operation. Injections were begun 
after operation, and continued daily for days. Vaginal smears were taken daily 
lavage all females during the injection period. The mice were killed with ether the 
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day following the last injection. Organ and body weights were obtained from each 
animal, and tissue sections and mammary whole mounts were prepared from more 
animals each group. 


RESULTS 


Preliminary experiment determine minimum doses hormones producing 
maximal effect castrated and hypophysectomized mice. 


well known that the relative dosage androgen and estrogen may 
determine whether antagonistic, cooperative, independent effects will 
produced given tissue (Burrows, 1949). Selection doses for the pres- 
ent experiment was made follows. Weights seminal vesicles with their 
retained secretion castrated and hypophysectomized male mice, sub- 
jected graded doses testosterone injected daily for days, indicated 
that the minimum dose producing maximum increase was about 
daily. Eight castrated and hypophysectomized female mice were injected 
with graded doses stilbestrol, and six were injected with graded doses 
estradiol, daily for days. The minimum dose stilbestrol producing 
maximal increase uterine weight was 0.08 and the corresponding 
dose estradiol was 0.01 ug. 

When testosterone was used female mice, the dose determined 
above was arbitrarily doubled, ug. daily. The dose estradiol given 
male mice was increased 0.1 daily. The dose stilbestrol used 
the male mice could increased only 0.1 daily, because larger doses 
had effect. 

The main experiment was arranged follows: there were mice 
each sex, divided into groups 10. One group each sex-was intact, 
and the remainder were castrated and hypophysectomized; the latter, 
one group each sex was injected with corn oil without any hormone, and 
one group each sex with each the following: testosterone, estradiol, 
stilbestrol, testosterone plus stilbestrol, and testosterone plus estradiol. 


Body weight (Tables and 


The males weighed more than the females. All the mice which were 
TABLE 1. AVERAGE ORGAN AND BODY WEIGHTS FROM INTACT FEMALE MICE AND FROM THE SIX 
GROUPS OF CASTRATED AND HYPOPHYSECTOMIZED FEMALE MICE. TEN MICE IN EACH GROUP 
Numbers are means mg. standard deviation 


Organ Intact No horm. Dechattevens Stilbestrol Estradiol Stilb.-test. Estra.-test. 
Adrenal 2.76+0.33 0.994+0.10 0.88+0.10 0.904+0.15 0.87+0.14 0.76+0.07 0. ).79 40. 
Heart 101+7 50+3 52+4 48+2 48+3 49+2 50+4 
Kidney 168+ 17 75+6 103 +10 73+5 71+6 97+7 103 + 10 
Liver 1397 + 127 967 +92 1142+81 856 + 54 865 + 150 972 + 102 1081+71 
Spleen 80+ 12 41+9 45+4 41+6 38+5 39+8 36+3 
Thymus 35+3.4 2643.5 14+1.7 29+3.8 2744.7 10+2.5 19+3.6 
Uterine Horn 43+9.6 5.3+0.6 21+2.9 30+4.4 21+3.1 19+3.4 18+2.5 
Body (Autopsy) 25.0 Gm. 16.3 17.6 16.0 15.8 16.0 17.1 


* | 
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TABLE STATISTICALLY SIGNIFICANT DIFFERENCES ORGAN WEIGHTS BETWEEN THE SIX 
GROUPS CASTRATED AND HYPOPHYSECTOMIZED FEMALE MICE, LISTED ACCORDING 
HORMONES INJECTED. WHEN THE MEAN ORGAN WEIGHT ONE THE HORIZONTALLY 

LISTED GROUPS LARGER THAN THAT FROM VERTICALLY LISTED GROUP, AND 
LESS THAN 0.01, THAT FACT INDICATED LESS THAN 
0.05, MINUS SIGNS INDICATE THE OPPOSITE RELATIONSHIP 


Animal groups 


Test. Stilb. Estra. Test. 


Adrenal 


Testost. 
Stilb. 


horm. 
Stilb. 
Estra. 


Kidney 


Liver horm. 
Test. 
Stilb. 
Estra. 


Spleen Test. 


Thymus horm. 


Stilb. 


Estra. 


Uterine horm. 
Horn Test. 
Stilb. 
Estra. 


TABLE AVERAGE ORGAN AND BODY WEIGHTS FROM INTACT MALE MICE AND FROM THE 
GROUPS CASTRATED AND HYPOPHYSECTOMIZED MALE MICE. TEN 
MICE EACH GROUP 
Numbers are meanns mg. standard deviation. 


Organ Intact No Stilbestrol Estradiol Stilb.-test. Estra.-test. 
Adrenal 1.76+0.12 0.82+0.07 15 08 0.77+0.09 0.80+0.09 0.77+0.11 
Heart 118+5 53+3 54+2 53+3 56+3 54+4 53+4 
Kidney 227+ 16 89+5 110+7 95+6 99+9 114+10 115+10 
Liver 1605 + 119 917+84 1089 + 65 956 +49 1032 +110 964 +90 1022 + 106 
Spleen 67+7 34+3 42+3 47+8 48+4 36+5 38+5 
Thymus 30+5.0 22+4.9 25+2.1 20+2.2 24+3.4 15+3.3 14+1.6 
Seminal vesicle 66+9.9 4.3+0.6 23+3.2 4.1+0.5 4.9+1.0 17+2.4 19+2.2 
Body (autopsy) 28.1 Gm 18.1 18.3 18.7 18.6 17.5 16.3 


operated lost weight, from 32% between operation and autopsy. 
Differences between groups castrated and hypophysectomized mice are 


not statistically significant. All the intact mice gained weight during the 
same period. 


Vaginal Smears 


Castrated-hypophysectomized mice receiving hormone injections 
had unvarying, scanty vaginal smears which there were only few 
cells, mostly leukocytes, and little mucus. Estradiol stilbestrol 
produced abundance cornified cells after the third fourth day. 


Organ Animal groups 
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Testosterone produced increased mucus, “‘mucified”’ cells (Fig. 3), and leu- 
kocytes after the third day, but cornified cells were seen. 

When both testosterone and estradiol were given, the picture 


distinguishable from that produced testosterone alone. 
TABLE 4. STATISTICALLY SIGNIFICANT DIFFERENCES IN ORGAN WEIGHTS BETWEEN THE SIX 


GROUPS CASTRATED AND HYPOPHYSECTOMIZED MALE MICE, LISTED 
ACCORDING HORMONES INJECTED. SYMBOLS TABLE 


Test. 


Organ Animal groups 


Adrenal horm. 


Test. 


horm. 


Stilb. 
Estra. 


Kidney 


Liver horm. 


Test. 


Spleen horm. 
Test. 
Stilb. 


Estra. 


Thymus horm. 


Test. 
Stilb. 


Estra. 


Seminal horm. 


Stilb. 
Estra. 


When testosterone was combined with stilbestrol, there was varying 
predominance cornified mucified cells from day day given ani- 


mal. Both types cell were seen, along with mucus and leukocytes 
most the smears (Fig. 4). 


1-8 


Photomicrographs tissues from castrated and hypophysectomized female mice. 


1-5 Vaginae. hormone given. Stilbestrol. Epithelium similar that 
intact mice. Testosterone. Stilbestrol and testosterone. Estradiol and testos- 
terone. 

6-8 Uteri. hormone given. The magnification appears different from that 
Figs. and but the same. Stilbestrol. Stilbestrol and testosterone. The 
uteri from mice given testosterone alone, and those given estradiol, estradiol and 
testosterone, were similar Fig. 


Animal groups 
Test. Test. 
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Changes organ weights 


Uterine horn. The uterus underwent severe atrophy after castration and 
hypophysectomy. was restored nearly normal size injections 
stilbestrol, and about half normal size either estradiol testosterone. 
significant inhibition the effects either stilbestrol estradiol was 
found when testosterone was added; fact, when both estrogen and andro- 
gen were given, uterine weights were less each case than when either was 
given alone. The inhibitory effect appeared mutual. 

Seminal vesicles. These were weighed without loss secretion, and judg- 
ing the histology (Figs. 9-11), the differences weight are mainly due 
differences the amount secretion present. Pronounced atrophy 
well decreased secretion occurred after operation. The injection testos- 
terone produced secretion and gain weight about normal size. 
This effect was partially inhibited either estradiol stilbestrol, neither 
which had any effect when given alone. 

Adrenals. The sections (Figs. show that differences adrenal 
weights are mainly due changes the cortex. The findings were differ- 
ent the two sexes: the female, changes were always the direction 
smaller glands when any hormones were given, and there was more 
atrophy when both hormones were given than the other groups. 
the male, the only significant change from the untreated controls was 
slight increase weight when testosterone was given alone, which was 
apparently completely inhibited simultaneous administration either 
stilbestrol estradiol. 

Kidneys. There was reduction weight 55% the female and 61% 
the male after operation. increase weight was produced either 


EXPLANATION 9-18 
Photomicrographs, and stain. 200. 


9-11. Seminal vesicles from castrated and hypophysectomized male mice. 
Given testosterone. 10) Testosterone and estradiol. 11) Estradiol. Seminal vesicles from 
mice given stilbestrol and from those not given any hormones closely resemble Fig. 11. 

13. Submaxillary glands from castrated and hypophysectomized female 
mice. 12) Given stilbestrol. This appearance was found all groups-except intact males 
and mice given testosterone. 13) Stilbestrol and testosterone. Testosterone alone and 
testosterone plus estradiol gave the same picture Fig. 13. 

14-16. Adrenal glands from castrated and hypophysectomized female mice. 
14) Given testosterone. 15) Stilbestrol. 16) Testosterone and stilbestrol. 

18. Mammary whole mount preparations X30. 17) Intact female 
mouse. 18) Castrated and hypophysectomized female mouse given stilbstrol; those 
given the other hormones hormone had the same appearance. 
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sex testosterone, and this effect was not inhibited estrogen. Stil- 
bestrol alone had effect, but there was some increase weight the 
male kidney when estradiol was given. 

Liver. Liver weight was increased testosterone, and this effect was 
inhibited stilbestrol, but not estradiol, which itself produced 
increased weight the male. 

Thymus. Weight was decreased the female testosterone, and this 
was unchanged when stilbestrol was added, but the decrease was less 
estradiol was added. the male there was decreased weight when two 
hormones were given together, but effect from any the three given 
separately. These changes were not correlated with the differences 
adrenal weights. 

Spleen. the male, weights were increased when estrogen androgen 
were given alone, but were unaffected when both were given. females 
there was little change. 

Heart. The heart weight was remarkably constant and unaffected sex 
hormones. 


Histology 


After operation, there was atrophy nearly all tissues, with decrease 
cytoplasm and closer packing cells. 
Vagina (Figs. Following operation there was pronounced atrophy 


the entire structure. Epithelium was reduced from about layers 
cells two layers without cornification. When estradiol stilbestrol was 
given, the epithelium returned approximately normal, but the rest 
the vaginal wall remained atrophic. Injections 
vaginal mucosa layers thick, with large pale-staining cells, and with 
mucus being discharged into the lumen. When estradiol was given with 
testosterone, the picture was similar that with testosterone alone. When 
testosterone and stilbestrol were combined, the pattern varied, with the 
deeper layers the mucosa resembling the stratified squamous, and the 
layer nearest the lumen mucified most areas. 

Uterus (Figs. 6-8). The extreme atrophy occurring this organ after 
castration and hypophysectomy but little more than that occurring 
after castration alone. There was considerable restoration all layers 
after injection estrogen. Many endometrial glands were formed when 
stilbestrol was given. This effect was diminished, and muscular develop- 
ment was less evident testostrerone was added stilbestrol. Estradiol 
had less effect musculature, and glands were smaller than those found 
after stilbestrol injections. Uteri from animals injected with testosterone, 
testosterone and either estrogen were very similar histologically, and 
are well represented Figure 
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Seminal vesicles (Figs. The appearance those mice given 
hormone either estrogen the same (Fig. 11). Testosterone caused the 
organ become distended with secretion, and this effect was decreased 
when estrogen was added. 

Prostate and coagulating glands. The flattened eipthelial cells seen 
mice given hormone after operation were changed larger, cuboidal 
cells testosterone, but were apparently unaffected estrogen. There 
was squamous metaplasia, and estrogen did not modify the effect 
testosterone. Squamous metaplasia has been reported these structures 
after doses estrogen considerably larger than used here (Thorborg, 
1948). 

glands (Figs. 12, 13). Sexual bimorphism this organ was 
originally described Lacassagne (1940). the present experiment, mice 
operated all had the female type ductule (Fig. 12), except those given 
testosterone, which all had the male type (Fig. 13). Ductules the latter 
were not modified when estrogen was added testosterone. 

Kidneys. The number Bowman’s capsules having cuboidal cells 
the parietal layer increased the castrate male mouse injection 
testosterone (Crabtree, 1941). the present experiment was not possible 
find significant differences the number such capsules the various 
groups, although higher numbers were found males given testosterone. 

Adrenals (Figs. All adrenals from animals operated showed 
atrophy the cortex, and this feature was not conspicuously modified 
any the hormones given. The cortex the male was essentially un- 
changed appearance the various injections. the female after opera- 
tion there was concentration small dark cells the inner part the 
cortex, about layers thick, representing the atrophied x-zone. This area 
was not distinguishable females given testosterone, with without 
estrogen, but was present all others. 

The female mice given testosterone with either estrogen showed un- 
even basophilic staining nuclei both cortex and medulla (Fig. 16). 
This may represent more rapid atrophy degeneration, and correlated 
with the greater loss adrenal weight these groups. 

Areas “brown deposition ceroid pigment, were 
found most the female adrenals, the inner part the cortex. They 
were most prominent the group given stilbestrol (Fig. 15). 

Other organs. Sections were studied from the following organs without 
finding significant differences between the various groups castrated and 
hypophysectomized animals: liver, pancreas, spleen, sublingual gland, 
thyroid, parathyroid, trachea, esophagus, thymus, lung, heart. stomach, 
duodenum, ileum, colon, and bladder, 
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Mammary whole mounts (Figs. 17, 18) 


The mammary glands were removed from the skin each animal and 
examined, and complete preparations were made from two animals each 
group. There was development the mammary ducts any the 
animals which had been castrated and hypophysectomized. Examples 
estrogen-androgen antagonistic effects the mammary gland intact 
castrated animals have been reported (Smelser, 1933; Arbelger and 
Huseby, 1951), and may have involved pituitary suppression part the 
mechanism; however, the level pituitary factor necessary for mammary 


growth might unaffected sex hormones, though essential for their 
action. 


DISCUSSION 


True hormone antagonism might defined situation where 
measured characteristic target organ affected one direction 
one hormone, and affected only the opposite direction addition 
the other hormone. Examples such antagonism the present study were 
observed the amount seminal vesicle secretion, the weight the liver, 
the weight the thymus the female, and the extent the x-zone 
the female adrenal cortex. 

Other types effect observed included instances where both sex hor- 
mones produced alterations the same direction, but where one neverthe- 
less inhibited the effect the other, development the endometrium, 
uterine weight, and splenic weight the male, site where different, but 
not opposite, effects were exhibited separately the two sex hormones 
was the vaginal mucosa. Examples places where only one hormone 
showed activity were the ductules the submaxillary gland, and the 
weight the kidney (testosterone versus stilbestrol). Finally, two in- 
stances the two hormones together had synergistic effect which neither 
had alone, thymus weight the male and adrenal weight and histology 
the female. 

The idea that all tissues will respond one sex hormone they are 
affected the opposite one could not proved disproved unless 
extensive dose range both hormones were tested; the range dosage 
near physiological, which have used, this conception did not apply. 
theory universal estrogen-androgen antagonism not supported 
our data. 

Pituitary function may affect some degree the response various 
target organs injected sex steroids, but the essential agreement between 
the results this experiment and those reported from non-hypophysec- 
tomized animals implies that pituitary hormones are not indispensable 
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sex steroid action the target organs studied, except the mammary 
gland. The latter did not respond injected steroids after hypophysec- 
tomy. 


SUMMARY AND CONCLUSIONS 


study has been made 140 castrated and hypophysectomized C;H 
male and female mice, and intact controls, the effects injected 
testosterone propionate, and diethylstilbestrol a-estradiol, separately 
and combination. Injections were begun days after operation 
and continued daily for days. Observations were made vaginal smears, 
body weight, organ weights, histology, and mammary whole mounts. 

The results indicated that antagonistic effects simultaneously ad- 
ministered estrogen and androgen the castrated and hypophysectomized 
mouse are evident, but are not predominant; there are also independent, 
unlike effects the two hormones the same tissue, sites where only 
one hormone effective the given dose level, similar effects both hor- 
mones the same tissue, and synergistic effects not seen with either 
hormone alone. The similarity these findings those reported intact 
castrated animals suggests that the pituitary does not play determin- 
ing role the mechanism action the sex hormones the target 
organs studied, except the mammary gland. 
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EFFECTS CORTICOSTEROIDS URINARY 

FORMALDEHYDOGENIC CORTICOIDS 

KETOSTEROIDS NORMAL AND SUBTOTALLY 
HEPATECTOMIZED 


CORCORAN 


From the Research Division the Cleveland Clinic Foundation and the Frank 
Bunts Educational Institute, Cleveland, Ohio 


RINARY outputs 17-ketosteroids (17-KS) and reducing (R) 
(F) corticoids (C) are used measures adrenal 
cortical function. However, they are not readily interpretable. Under differ- 
ent conditions, urinary 17-KS and can vary the same sense in- 
dependently (Venning, 1950). Among factors contributing this vari- 
ability relationship, the nature the steroids undergoing metabolism 
perhaps the most important. Thus, human beings (Venning, 1950; 
Polley and Mason, 1950) and rats (del Greco, Masson and Corcoran, 
1952), only C-17-hydroxylated corticosteroids act 17-KS precursors; 
the extent which injected corticosteroids appear urine varies 
widely (Fajans, Louis and Conn, 1951 a). Among other variables are the 
state esterification, the route administration and the level hepatic 
function (Fajans, Louis and Conn 1951 Engstrom al., 1951; Bongio- 
vanni and Eisenmenger, 1951). The aim this study was test the 
significance these factors absolute and relative outputs urinary 
17-KS and FC. 

method, previously described for the measurement urinary 17-KS 
the rat (del Greco, Masson and Corcoran, 1952), was adapted which 
depends principle giving large doses test compound over short 
space time, that effects endogenous hormones are obscured. The 
variables tested these experiments are (a) the nature the compound, 
(b) its esterification, oral compared with subcutaneous administration, 
and (d) the effect subtotal hepatectomy. 


PROCEDURE 


Female albino rats (150 250 gm. body weight) were divided groups 


Received for publication October 27, 1952. 

investigation was supported part grant from the National Heart 
Institute, National Institutes Health, Public Health Service. 

Post-doctorate Fellow, Public Health Service. 


474 


April, 1953 STEROID EXCRETION 475 


least animals. Each rat was placed separately metabolic cage; 
the animals were maintained Purina Fox Chow; NaCl was substi- 
tuted for drinking water order increase urine flow. 

The pretreatment control period days enabled the animals ac- 
custom themselves their new environment; they were then placed 
real simulated treatment for days; this was followed recovery 
period days; lack certain steroids sometimes forced shorten the 
treatment period days. experiments involving sub-total hepa- 
tectomy, the operation was done the last pretreatment day. 

The corticosteroids tested were cortisone and hydrocortisone, each 
aleohol and acetate, and the acetates corticosterone, dehydrocorticos- 
sterone and desoxycorticosterone; free testosterone was injected means 
validating the 17-KS method. These steroids were given once day 
doses mg. water suspension; the subcutaneous dose was contained 
volume 0.2 and the oral dose was given gavage volume 
1.0 ce. 

Urine was collected daily; 17-KS determinations were done individual 
Merthiolate-preserved samples method Drekter al. (1952); 
determinations extractable (Corcoran and Page, 1948) were 
done chloroform-preserved samples pooled daily from each group. The 
extraction stages the procedures were completed the day 
the extracts were then accumulated for simultaneous final colorimetric 
analyses. The urine samples were grossly free feces and food. 

This manner handling the samples important concerns FC. 
former study (Masson al., 1952) urines individual rats were pooled 
after addition chloroform and accumulated 10° volume 300 
that several days elapsed before acidification and extraction. Mean 
output normal rats this procedure was 0.5 ug. daily. the pres- 
ent procedure, the mean observations (urines individuals) 
11.2 daily, the standard deviation +3.7 and the standard error the 
mean +1. The effect spleen (Viobin) was examined 
comparison estimates pools fresh rat urine; were extracted 
without incubation with the enzyme and yielded values and 
daily; the samples extracted after days incubation with 
the enzyme (procedure Dustan, Mason and Corcoran, 1953) gave 
negligible yields cases and value 1.5 the other. The difference 
yield between the directly extracted and enzyme incubated samples 
indicates that there had been destruction during the time incuba- 
tion; similar destruction which may bacterial probably accounts for 
the low values observed pooled stored urine samples. Since, contrast 
with the human (Corcoran al., 1951; Dustan, Mason and Corcoran, 
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1953), the yield rats was not increased enzymatic hydrolysis, 
this procedure was not made part this study. 


RESULTS 


Normal Rats: Oral Administration 


Results are summarized Table Stated control mean value 
that described above (11.2 ug.) since determinations each group proved 
unnecessarily tedious. Stated mean control levels 17-KS are those 
found each group. Values each during treatment are noted for each 
day and also the mean the treatment period. The tabulated post-treat- 
ment value derived from analyses urine collected during the first 
post-treatment day. facilitate estimates the effects treatment the 
mean treatment are compared with mean control levels (B) 
and the ratio A/B presented the table. 

compounds, the following effects were observed: 

(a) desoxycorticosterone acetate: increase and change mean 
17-KS during treatment but increase thereafter; terms the injected 
steroid, the yield 0.11%. 

(b) cortisone acetate: increases and 17-KS during treatment; 
yield 0.63%. 

hydrocortisone acetate: increases and roughly ob- 
served with cortisone acetate; yield 0.8%. 

(d) cortisone: increases and yield 1.07%. 

(e) hydrocortisone: increases and yield 0.8%. Yields 
17-KS from hydrocortisone and cortisone are somewhat less 
than were observed during treatment with their respective acetates. 

(f) dehydrocorticosterone and corticosterone acetates not increase 
urinary 17-KS; was not observed. 

(g) testosterone: change FC; increase 17-KS with net yield 
11% 17-KS. 

The outputs during the first post-treatment days show abrupt remissions 
the changes observed during treatment values approximating less 
than those control periods. 


IT. Normal Rats: Subcutaneous Administration 


Data are summarized Table manner corresponding that 
Table Only compounds were tested. 

(a) desoxycorticosterone acetate: contrast oral administration, 
there change FC; changes 17-KS correspond those described 
above. 

(b) cortisone acetate: treatment increases and 17-KS during oral 
administration. 
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hydrocortisone acetate: increases and 17-KS during treat- 
ment; net yield only 0.19%, which one-quarter the yield 
found after oral dosage; net increase 17-KS was one-third less than was 
found after oral dosage. 

contrast with oral dosage, the values found the first post-treatment 
day are has high those found during treatment; decreases towards 
normal values occur during the succeeding days. 


Subtotally Hepatectomized Rats 


Data are summarized Table the manner Table 

(1) Effect the operation: increases abruptly and then decreases 
subnormal values over the postoperative days; the mean change 
increase. Roughly parallel changes occur although the mean 
shows change. 

(2) Effects steroids: These, with the exception desoxycortico- 
sterone, were given only orally. the ratios A/B FC, net (treatment 
mean) observed value less the mean postoperative value 
(25 the group. The ratios 17-KS are not similarly 
because the rough equality pre- and postoperative means the con- 
trol group. 

(a) desoxycorticosterone acetate: orally, increases and 17-KS 
unchanged, normal animals; subcutaneously, slightly increases FC. 

(b) cortisone acetate: the increase more than twice that found 
normal animals, while the increase the same. 

hydrocortisone acetate: again, the increase roughly twice 
that found normal animals; the output extra 17-KS was not affected 
the operation. 

(d) cortisone: the increase roughly times that found normal 
animals; 17-KS excretion not affected. 

(e) hydrocortisone: the increase times that found normal 
animals; again, 17-KS output not altered. 

(f) dehydrocorticosterone acetate: values output during treat- 
ment were available from normal animals; however, the augmentation 
output similar that observed after cortisone and hydrocortisone; 
17-KS output was slightly increased this compound contrast the 
observations normal animals reported above. 

(g) corticosterone acetate: only 17-KS was observed; with dehydro- 
corticosterone acetate, the output was slightly increased steroid treat- 
ment. 

these experiments, those normal animals given steroids orally, 
outputs fell towards control levels abruptly cessation treatment. 
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DISCUSSION 


The mechanism renal excretion steroid hormones and their metab- 
olites obscure. Certain presumptions seem justified. Most circulating 
steroid hormone protein-bound and not available for renal excretion 
glomerular filtration. The fraction steroid free solution, and that 
conjugated relatively water-soluble form, are subject glomerular fil- 
tration. Consequently, the determinant the urinary output adminis- 
tered steroids steroid metabolites the concentration free and 
combined steroid plasma water. This function constant dosage, rate 
absorption and protein concentration, will vary inversely with the rate 
steroid catabolism. The variables tested the above experiment can 
considered terms these considerations. 

(a) The Nature the Compound. Both cortisone and hydrocortisone, 
either alcohol acetate, without regard the route administration 
the integrity liver function, increase urinary normal ani- 
mals acetates desoxycorticosterone, dehydorcorticosterone and corticos- 
terone not. This accords with previous demonstrations, cited above, 
that C-17-hydroxylated corticosteroids act 17-KS precursors. some 
observations human beings cortisone has been observed decrease 
urinary 17-KS, presumably suppressing endogenous cortical secretion 
(Polley and Mason, 1950; Villa, Ballabio and Sala, 1952). However, 
our experiments and clinical observations increased post-cortisone 
17-KS outputs, the doses used have been large. 

All corticosteroids tested increased urinary FC. The largest yields fol- 
lowed administration cortisone and the least that 
acetate. Presumably this reflects the more rapid absorption cortisone 
and its comparatively large solubility plasma (Macek, al., 1952). 

The independent variations and 17-KS seen disease can, from 
the above observations, attributed changes the composition 
adrenal cortical secretion; this secretion believed normally contain 
largely hydrocortisone, 17-hydroxylated steroid, and corticosterone 
(compound which has 17-hydroxyl (Reich, Nelson and Zaffaroni, 
1950). Changes the relative proportions these two constituents would 
account for the variable relationship urinary 17-KS and FC; thus, 
increase the corticosterone content would increase while 17-KS 
would unchanged decreased. this connection also, unstable and 
frequently high outputs are found many patients with hyper- 
tensive disease (Corcoran, Page and Dustan, 1950); the low absent 
yields observed during treatment rats with desoxycorticosterone 
indicate that these increases output cannot attributed in- 
creased secretion desoxycorticosterone-like compounds. Rather, noted 


478 


1953 


STEROID EXCRETION 479 


elsewhere (Dustan, Mason and Corcoran, 1953) the increments 
extractable found hypertension can ascribed decreases the 
proportion excreted glucuronide. 

(b) The State Esterification. The comparisons here available are 
between alcohols and acetates cortisone and hydrocortisone. Orally, 
the yielded somewhat less 17-KS than the acetates normal rats; 
outputs were roughly the same with both forms the steroids. 
human beings, however, the orally administered acetates seem more effec- 
tive increasing 17-KS than the (Fajans, Louis and Conn, 
1951 a). 

The Route Administration. concerns the notable 
difference between oral and subcutaneous administration the greater 
increase elicited oral hydrocortisone acetate. This difference even 
greater the case FC; prevails, lesser degree, the increment 
which follows oral desoxycorticosterone acetate and the lack effect 
this steroid given subcutaneously. Similarly, human beings, 
oral hydrocortisone acetate causes greater increments urinary 17-KS 
and than does intramuscular (Fajans, Louis and Conn, 1951 a). 
this regard, Nelson al., (1952) found that oral dosage with either hydro- 
cortisone cortisone acetates causes prompt rise plasma 17-hydroxy- 
steroid concentration, while intramusuclar dosage has little effect. 
This difference reflects slow absorption from intramuscular deposits de- 
pendent the poor solubility the steroid esters body fluids (Macek 
al., 1952). This slow absorption has the effect that excretion from 
deposited corticosteroid continues over several days, 
whereas the effect oral corticosteroid disappears the day after 
withdrawing treatment. 

(d) Effects Subtotal Hepatectomy. Patients suffering from moder- 
ate advanced hepatic cirrhosis sometimes show increases urinary 
and associated with decreases 17-KS (Bongiovanni and Eisen- 
menger, 1951); these abnormalities can attributed defective hepatic 
catabolism normal increased amounts endogenous corticosteroids. 
the other hand, normal values urinary were observed Mason 
(1951) group jaundiced patients with various forms liver disease; 
the same was observed (Butt al., 1951) jaundiced patients whom 
also cortisone administration elicited roughly increases urinary 
and actual decreases 17-KS. More recently Chapman al., (1952) 
found that cortisone treatment did not alter 17-KS excretion 
Thus, experiments jaundiced and patients suggest that the 
low outputs 17-KS liver disease may due decreased hepatic 
synthesis 17-KS from precursor steroids; the other hand, the data 


480 DEL GRECO, MASSON AND CORCORAN Volume 


Mason (1951) and Butt al. (1951) not agree with the concept that 
hepatic disease associated with inadequate degradation the corticos- 
teroid side-chain. The above experiments subtotally hepatectomized 
rats were designed explore these mechanisms affected one type 
hepatic insufficiency. 

The operation itself caused transient days) increase with some- 
what parallel changes 17-KS; both presumably reflect the release and 
conversion endogenous corticosteroids result trauma. 

The effects exogenous steroids urinary and 17-KS the pres- 
ence experimental hepatic insufficiency can best observed com- 
parisons the ratios A/B between Tables and 

IN NORMAL RATS 
Outputs per hours 


ln Treatment days Treat- 
Compound Control ment 


1 ‘ : | mean (A) 


Desoxycorticosterone FC | 38 29 
Acetate 174 


Cortisone Acetate = 
| 478 


Hydrocortisone 86 
Acetate 7-KS 291 


Cortisone | 66 
172 


Hydrocortisone 120 

| 263 

Dehydrocorticosterone 167 i | 166 

Corticosterone Acetate 17-KS | 170 | be | 179 


Testosterone | 20 
949 


TABLE EFFECTS SUBCUTANEOUSLY ADMINISTERED STEROIDS 17-KS 
AND NORMAL RATS 


Outputs per hours 


Treatment days 
Compound ment 
| | mean (A) 


Desoxycorticosterone 
Acetate 


Cortisone Acetate 


Hydrocortisone 
Acetate 


* N.D. =Not detectable. 


First, subtotal hepatectomy does not alter new formation 17-KS from 
exogenous corticosteroid. this respect, this experimental insufficiency 
contrasts with that observed the patients Butt al., (1951) whose 
17-KS outputs decreased during treatment with cortisone. Evidently the 


| treat- 
| | Ist day | 
| | | 
| 
2.4 
1.0 
treat- 
17-KS 199 256 180 220 197 304 1.0 
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TABLE EFFECTS ORALLY ADMINISTERED STEROIDS 17-KS anp 
RATS SUBTOTALLY HEPATECTOMIZED 


Outputs per hours 


| 


| Post- | 
Treatment days Treat- | bess | 
| 1 2 3 4 5 mean (A) Ist day 


Desoxycorticosterone 


17-KS 455 


1.87 
Acetate FCt 1l | 64 46 36 49 50 49 21 2.14 
17-KS 164 174 132 136 190 299 | 182 | 344 1.1 
| | 
Cortisone Acetate FC 98 151 270 294 187 5 14.4 
17-KS 175 | 336 588 560 521 531 507 | 185 | 2.9 
Hydrocortisone FC 11.2 | 189 296 362 130 64 | 208 11 | 16.3 
Acetate 17-KS 159 | 408 697 1151 621 555 686 134 | 4.3 
Cortisone FC 11.2 562 550 500 274 — | 471 | 16 | 


Hydrocortisone FC 11.2 | 484 296 292 362 m5 | si | 10 25.6 
17-KS 176 660 599 558 422 534 165 

Dehydrocorticosterone FC 11.2 312 349 300 292 313 N.D.* | 25.7 

Acetate 17-KS | 134 370 252 182 155 239 133 1.8 

Corticosterone Acetate 17-KS 172 277 364 316 378 — 334 | 146 | 1.9 


* N.D. = Not detectable. 
t+ Subcutaneous Administration. 


kind degree hepatic insufficiency elicited sub-total hepatectomy 
not enough alter the conversion corticosteroid 17-KS; from this 
would seem likely that deficient hepatic formation 17-KS not 
adequate explanation the low 17-KS outputs seen chronic liver disease. 
Rather, the defect may akin that which decreases 17-KS output 
most debilitating illness. 

Secondly, the data show that subtotal hepatectomy increases output 
response injections other than desoxycorticosterone. 
Since degradation the steroid side-chain effected part the liver 
(Schneider and Horstman, 1951; Louchart and Jailer, 1951), the effect 
sub-total hepatectomy output can attributed defective hepatic 
degradation the steroid side-chain. this respect also, the subtotally 
hepatectomized rat differs from the patients observed Butt al. 
(1951). The data accord with those Bongiovanni and Eisenmenger 
(1951), whose patients were observed during illness due cirrhosis and 
ascites; the disparate observations Mason (1950) were made patients 
observed because the presence jaundice. 


SUMMARY AND CONCLUSIONS 


Observations urinary outputs 17-KS and were made normal 
hepatectomized rats given exogenous corticosteroids 
large doses over brief periods. 

The data confirm the function C-17-hydroxylated corticosteroids 
17-KS precursors. The variable excretions 17-KS and clinical 
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disease can attributed variations the content C-17-hydroxylated 
steroid the secretion the adrenal cortex. 

Among the compounds tested, cortisone caused the greatest 
and desoxycorticosterone acetate the least increase FC. between the 
steroid alcohols and acetates, both yielded comparable increments FC; 
the alcohols yielded somewhat less17-KS. 

Oral, compared with subcutaneous administration was more effective 
increasing urinary FC; this difference was especially marked with 
hydrocortisone and desoxycorticosterone. 

Provisions exogenous corticosteroids subtotally hepatectomized 
rats augment the output FC, presumably because impaired hepatic 
degradation the steroid side chain; the new formation 17-KS from 
exogenous steroid not impaired. Consequently, while the increase 
sometimes seen chronic liver disease can attributed defective liver 
function, the decreases 17-KS which commonly occur such conditions 
may reflect extrahepatic effects chronic disease. 
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NOTES AND COMMENTS 


THE EFFECT SEX SURVIVAL FOLLOWING 
STANDARDIZED BURN SHOCK 


The influence sex the survival organisms acute chronic pathogenic 
processes has been observed under variety natural and experimental conditions. 

approach the problem via population statistics (Ciocco, 1940) reveals sex 
variable affecting human mortality and morbidity infectious, degenerative, meta- 
bolic diseases. Susceptibility disease processes does not follow pattern such con- 
stancy permit generalizations always favor one sex, but can demon- 
strated that while for some diseases the males have higher mortality, for others the 
females prevail, and for still others there are appreciable differences. 

Under more controlled conditions, using variety experimental situations such 
excess epinephrine, potassium, ethionine, picrotoxin (Astarabadi al., 1952; Robert- 
son, 1952; Farber al., 1951; 1949), conditions adrenal cortical (Cowie, 
1949; Snyder al., 1951) oxygen insufficiency (Kimeldorf al., 1952), mention 
some the most recent literature, statistically significant differences the mortality 
rats hamsters are obtained which are ascribable sex factors. the other hand, 
mortality guinea pigs following shock (Coulson al., 1949) picrotoxin 
(Holck, 1949) unaffected sex. 

Since the course investigations the effect starvation burn survival 
(Munan and Einheber, 1952) apparent that under starving conditions young 
female rats responded differently than did young male rats, decided explore the 
phenomenon fed animals using similar experimental procedures. 


EXPERIMENTAL PROCEDURE 


Young male and female rats the Osborne-Mendel strain were scalded according 
the modified Rosenthal method (Hazan and Treadwell, 1948) minutes after intra- 
peritoneal delivery mg. pentobarbital sodium per 100 gms. body weight under 
the time-temperature conditions described the table. Water was heated 0.5° 
the temperatures desired measured mercury thermometer ahd rats were 
immersed the neck water for designated time periods measured stop- 
watch. Animals were dried, returned individual cages, and observed during the 
immediate shock period and regular intervals thereafter. Tap water and commercial 
stock ration were continuously available the rat liberal amounts before and after 
the injury. The surface burned was not depilated shaven and, outside 
the two manipulations involving induction deep surgical anesthesia and application 
the burn, the animals were intact. The body weight distribution males was the 
same that females, each male being burned with female equal body weight. 


Individual weights for the entire group ranging from 125 gm. were equally dis- 
tributed about mean gm. 


RESULTS AND DISCUSSIONS 


Analysis the data summarized the table reveals sex factor very mild 
importance modifying mortality following burn injury. Statistically significant sex 
differences were not apparent any post-burn time interval. both groups the great- 
est fatality occurred within the 12-hour period following the burn. The first hour readings 
may taken being indicative the number animals that may have 
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the anesthesia although obvious that since the rats were both anesthetized and 
burned cannot ascribe mortality either procedure entirely. The shape the ex- 
ternal genitalia would not seem operative modifying mortality since sex 
differences have been observed following techniques which the back only was burned. 
The additional surface that the male rat exposes burned only apparent since the 
animal retracts his testicles into the body cavity soon the tail tip touches the water 
prior body immersion. may noted conclusion that while some earlier reports 
sex differences shock are negative (McCarthy, 1945), others revealed slight in- 
crease the ability the female rat the one hand and the male guinea pig the 
other survive standardized traumatic shock (Noble and Collip, 1942). 


TABLE 1. SURVIVAL FOLLOWING STANDARDIZED BURN SHOCK 


Number animals surviving at: 


Temperature and 


hour hours| day days days days days 


SUMMARY 


Mortality intact, anesthetized rats receiving standard burn 


shock 
affected the sex the animal. 


Department Physiology 


The George Washington University School Medicine 
Washington, 
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THE 1953 ANNUAL MEETING 


The Thirty-fifth Annual Meeting The Endocrine Society will held 
the Hotel Statler, New York, New York, Thursday, Friday, and Satur- 
day, May 28-29-30, 1953. 

The Committee Local Arrangements Dr. Earl Engle, Chairman, 
with Drs. Rulon Rawson and Sidney Werner members the 
Committee. 

All Scientific Sessions will held the Hotel Statler. The rooms 
which each session will held will announced the program and 
the hotel bulletin board. The Annual Dinner scheduled for Friday, May 
29, 7:30 preceded cocktails 6:30 

All members are urged make hotel reservations immediately inasmuch 
the hotels expect filled capacity. Reservations should made 
directly with the Hotel Statler, advising time arrival and departure 
date. Make your reservations now and avoid disappointment. 


1953 AWARDS AND FELLOWSHIPS 


Awards and Fellowships presented The Endocrine Society carry obligation 
the recipient the Society the donors. 


FELLOWSHIPS 


Society Fellowships are designed assist men women exceptional 
promise furthering their educational training and advancement toward 
scientific career endocrinology. Fellowships may awarded in- 
dividual who possesses the Ph.D. M.D. degree candidate for 
either these degrees. The stipend, which will not exceed $5,000, may 
divided into two Fellowships varying amounts accordance with the 
qualifications the appointee. The Committee will, reviewing the pro- 
posed program study, consider the amount time which the Fellow 
intends spend course work and/or teaching. must present evi- 
dence scientific ability attested studies completed progress 
and/or the recommendation responsible individuals. must submit 
program proposed study, indicate one more institutions where the 
proposed program will followed, and submit statements approval 
from the investigators with whom proposes conduct his research. 
must serve full time awarded Fellowship. small amount time 
(10 per cent) may allotted for course work for participation 
teaching, the latter purely voluntary basis. 
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THE AYERST, McKENNA AND HARRISON FELLOWSHIP 


This Fellowship will not awarded 1953 order that may ac- 
cumulate toward $5,000 Fellowship awarded 1954. 


THE SCHERING FELLOWSHIP ENDOCRINOLOGY 

The Schering Fellowship Endocrinology was established 1949 and 
the first recipient was Dr. Laurence Wilson 1950. Dr. John Stoekle 
was chosen the recipient the 1951 Fellowship. Inasmuch was 
unable accept due call military service, the same Fellowship 
was reawarded 1952 Dr. Courtright. The 1953 Schering Fellow- 


ship will the amount $5,000 and will henceforth given the 
same amount alternate years. 


AWARDS 
THE SQUIBB INSTITUTE FOR MEDICAL RESEARCH AWARD 


This Award $1,000 was established 1939 The Squibb Institute 
for Medical Research and was given first 1940 Dr. George Corner; 
1941 Dr. Philip Smith; 1942 Dr. Fred Koch; 1944 
Hartman; 1947 Drs. Carl and Gerty Cori; 1948 Dr. Fuller 
and 1951 Dr. Collip. Award was given 1943. This Award 
was increased the amount $2,500 beginning with the 1952 Award and 
the recipient was Dr. James Means. special committee five mem- 
bers the Society selects the recipient from among investigators the 


United States Canada, the basis outstanding contributions 
endocrinology. 


THE CIBA AWARD 


The Ciba Award, recognize the meritorious accomplishment 
investigator not more than thirty-five years age the field clinical 
pre-clinical endocrinology, was established 1942, but recipient was 
selected 1942 1943. 1944 the Award was presented Dr. 
Astwood; 1945 Dr. Jane Russell; 1946 Dr. Martin Hoff- 
man; 1947 Dr. Choh Hao Li; 1948 Dr. Carl Heller; 1949 
Dr. George Sayers; 1950 Dr. Oscar Hechter; and 1951 Dr. 
Albert Segaloff. Effective 1952, the Award was increased from $1,200 
$1,800 and the recipient was Dr. Seymour Lieberman. within twenty- 
four months the date the Award, the recipient should choose use 
toward further study Laboratory other than that which 
present working, will increased $2,500. 


THE LAURENTIAN HORMONE CONFERENCE 


The Laurential Hormone Conference the AAAS will hold its 1953 
annual meeting Mont Tremblant Lodge, Mont Tremblant, Quebec, 
during the period September Interested investigators and specialists 
the hormone field may apply for attendance writing the Commit- 
tee Arrangements, 222 Maple Avenue, Shrewsbury, Mass., for appli- 
cation blanks. Since accommodations the hotel necessarily limit the 
attendance, only those persons submitting applications can considered. 
The application blanks must received the Committee later than 
May order insure issuance invitations soon possible there- 
after. 

The following program has been arranged: 


Nervous system-hormone interrelationships 

The central nervous system and stress-induced eosinopenia. 
Dr. Porter, Univ. Calif. School Medicine Los Angeles 

Studies brain metabolism and electrical activity relation adrenocortical 

physiology. 
Dr. Hudson Hoagland, The Worcester Foundation for Experimental Biology 

Effects hormones function. 
Dr. Woodbury, Univ. Utah School Medicine 

Thyroid Hormone physiology and biochemistry 

Triiodothyronine relation thyroid physiology 
Drs. Gross and Pitt-Rivers, National Inst. for Medical Research, London, 
and State Univ. New York Medical Center 

Metabolic effects thyroid hormones vitro. 
Drs. Lardy and Feldott, Univ. Wisconsin School Medicine 

Comparative endocrinology 

Endocrine mechanisms the life insects. 
Dr. Bodenstein, Army Chemical Center, Maryland 

Hormones produced neurosecretory cells. 
Drs. Ernst and Berta Scharrer, Univ. Colorado Medical Center 

Protein Hormones 

The preparation and chemistry crystalline insulin. 
Dr. Romans, Connaught Medical Research Laboratory 

The chemistry ACTH. 
Drs. Hays and White, The Armour Research Laboratories 

The role hormones blood and blood-forming organs 

Endocrine factors and radiation-induced lymphoid tumors mice. 
Dr. Henry Kaplan, Stanford Univ. School Medicine 

Endocrine influences upon the formed elements blood and blood-forming org 
Dr. Albert Gordon, Washington Square College, New York Univ. 

Aspects Clinical Endocrinology 

Some problems related ovarian function and pregnancy. 
Dr. Zondek, Rothschild Hadassah Univ. Hospital, Jerusalem 

Clinical studies electrolyte and fluid metabolism. 
Dr. Rolf Luft, Serafimerlasarettet, Stockholm 

studies man. 
Dr. Conn, Univ. Michigan School Medicine 
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